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T IS known that pneumonia may precipitate an attack of acute pellagra in 

undernourished persons.' Very recently, it has been shown*® * that the co- 
enzymes I and II are decreased in the blood of patients with clinieal pellagra. 
Unpublished observations on 150 additional cases confirm this finding. The 
present report is coneerned with a study of the concentration of coenzymes I 
and IT in the blood of patients with acute lobar pneumonia before and after 
therapy. 

METHOD 


Twenty patients, admitted to the Cincinnati General Hospital with typical 
pneumococcal pneumonia of less than five days’ duration, and a control group 
of 50 normal subjects of comparable age, were selected for study. 

Determinations of the coenzymes I and IT concentrations of the blood were 
made on these patients at the time of admission and before any medication was 
given. Each patient was then given cither type specific serum or sulfapyridine, 
and the blood of the patients was studied before and after erisis and during 
convalescence. The method used to determine the coneentration of these eo- 
enzymes is based upon the unusual growth requirements of B. influenzae for 
factors X (hematin) and V (pyridine nucleotides), and has been adequately 
deseribed elsewhere.” 

OBSERVATIONS 


As can be seen by the distribution of the 20 cases in Fig. 1, the concentration 
f coenzymes I and IT in the blood of 17 patients with acute lobar pneumonia 
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was strikingly decreased. The concentration of the coenzymes of the blood of 
the remaining 3 patients was within the limits of normal, and 2 persons, not 
included in the series since they died without crisis, had normal coenzyme con- 
centration per volume of blood just before death. The average growth stimula- 
tion for B. influenzae of the blood of these patients on admission to the hospital 
was effective in concentrations of one part of blood per 2,000 parts of media. 
The growth could be supported, however, in all blood dilutions by the addition 
of either coenzyme [ or coenzyme IL. Within twenty-four to forty-eight hours 
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Fig. 1 illustrates the distribution of the blood coenzymes I and II concentrations in 26 
persons with lobar pneumonia before and after crisis. The coenzymes I and II concentrations 
are measured in terms of the highest dilution of blood which supported the growth of B. 
influenzae, and are plotted against the number of cases. 


after crisis induced by serum or sulfapyridine, the blood of all the patients 
supported growth at greater dilutions. In contrast, the average growth stimu- 
lation of the blood of the 50 normal persons for B. influenzae was effective at a 
dilution of 1:8,000. In 15 persons this dilution faetor was as high as 1:12,000 
and in 5, as low as 1:4,000. In the normal controls the value never fell below 
1:4,000. Samples of blood taken from a normal person over a period of twenty- 
four hours showed little diurnal variation; likewise, samples taken from one 
person over a period of several months showed little deviation from the orig- 
inal values. 


We are very grateful to Professor H. von Euler, Biochemiska Institutet, Stockholm, 
Sweden, for a sample of pure cozymase; and to Professor Otto Warburg, Kaiser Wilhelm In- 
stitut fiir Zellphysiologie, Berlin-Dahlem, Germany, for pure coferment and pure cozymase. 
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SUMMARY 


1. In contrast to the report of Kohn and Bernheim,‘ we find a significant 
decrease in the concentration of coenzymes I and IT in the blood of 17 of 20 
patients with acute lobar pneumonia, as determined by the growth stimulation 
for the influenza bacillus. 

2. The concentration of coenzymes I and II increased to normal limits 
within twenty-four to forty-eight hours after a erisis indueed by either serum 
or sulfapyridine. 

3. These findings are consistent with the clinical knowledge that pneumonia 
predisposes malnourished persons to attacks of pellagra. 
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WATER CONTENT OF THE MYOCARDIUM IN HYPERTROPHY AND 
CHRONIC CONGESTIVE FAILURE* 


Harry Gross, M.D., New Yors, N. Y. 


[" HLAS been substantiated that the counterpart of the clinical phases of eardiae 
hypertrophy and insufficiency lies in metabolie disturbances manifested by 
measurable alterations in the chemical constituents of heart muscle. In faet, 
it may be said that disturbances of function precede histologic changes. The 
anatomic alterations are effects rather than primary causes of disturbed fune- 
tion. In the metabolie alterations it is probable that changes occur in water 
content of the normal myocardium and also of the heart muscle both with and 
without congestive heart failure. 

The purpose of this study was to determine the normal range of myoeardial 
water content and to compare the findings with hypertrophied hearts and hearts 
in failure. By this means it is possible to state whether cardiae hypertrophy 
is due to an increase in water and whether the increase in water in the myo- 
cardium from hearts in failure is part of a generalized anasarea. Hypertrophy 
was deemed to be present when the heart weighed 400 or more grams; if less, 
‘here was generalized hypertrophy. Failure was regarded as present when 
‘here was frank evidence of fluid retention or chronie passive congestion of 
the viseera. 





*From the Medical and Laboratory Divisions of the Montefiore Hospital for Chronic Dis- 
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Magnus-Levy' gives the water content of muscle as 72.24 per cent and of 
heart muscle as 74.81 per cent. Von Moraezewski® states that the dry substance 
in normal heart is 36 per cent, and that there are marked variations of water 
content in different conditions, with 16.9 per cent in pneumonia, 13.7 per cent 
in cancer, and 21.9 per cent in cancer complicated by anemia. The myocardium 
of the male normally shows a somewhat higher content of water than the female. 
The range in his material is, however, so great that the results must be doubted. 
Schmey* found the dry weight of fresh heart muscle from various species of 
animals ranging from 21.7 to 27.11 per cent. The dry weight of fresh muscle 
from various animals, according to J. Katz,* varies from 18.38 to 36.1 per cent. 
Nencki? reported that the water content of dog muscle varies between 71.7 and 
74.6 per cent. Engels® found the range of water content of musele from 11.25 
to 75.386 per cent, while Wahlgren® found a variation from 71.73 to 76.11 per 
cent. He found that after infusions of hypertonic sodium chloride, the water 
content of musele diminished, and that of the blood increased. 

Hammarsten and Hedin®* state that the quantity of fat has a specifie influ- 
ence on the quantity of fluid and that, as a rule, flesh which is deficient in water 
is correspondingly rich in fat. In young animals the organs in general and the 
muscles also have a different water content, and the uninterruptedly active 
heart is the richest muscle in water. Museles of different animals have wide 
variations of water, and cold-blooded animals have a larger amount of water. 
Skelton? computed that in an average heart weighing 305.5 Gm., 241.9 Gm. 
are water, and that 0.58 per cent of the entire body water is in the heart. 
Daniels and Burright'® found that the cardiae hypertrophy of rats rendered 
anemic by bleeding was due to an increase in muscle mass and not solely to 
retained water. 

METHOD 

The water content of a group of known eases of cardiae enlargement and a 
number with chronic¢ congestive heart failure was compared with a control group 
of hearts of normal size. The tissue was obtained as shortly after death as 
possible, and tissue was rarely taken more than twenty-four hours postmortem. 
Before the heart was moistened, a sample of myocardium was regularly eut 
from the posterior mitral region of the left ventricle. The tissue was very 
lightly touched between dry cloth to remove the surrounding blood, excess pres- 
sure being avoided. The speciman was then minced in a previously weighed 
porcelain dish, reweighed, and put in an electrie oven which was kept at uni- 
form temperature at 56° C. by a thermocouple to prevent burning or eharring. 
The dried muscle was reweighed several times a week until the difference be- 
tween at least three successive weighings did not exceed 1 mg. Usually within 
three weeks uniform weight was attained. It was necessary to weigh quickly, 
for in several minutes the fresh specimen would give up 4 or 5 mg. of moisture, 
or the desiccated one would take up an equivalent amount. After several weigh- 
ings it was found that if weights amounting to 2 or 3 mg. less than the previous 
determination were put on the pan, rapid and aceute weighing was facilitated. 


ANALYSIS OF MATERIAL 


There were 5 control patients (Table I) obtained as a result of accidental 
death in 4 and suicide in one. In the latter the number of hours elapsed be- 
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tween death and the time the specimen was obtained could not be stated, but in 
the other 4 the heart muscle was obtained from ten to fifteen and one-half 
hours after death. There were 4 males and one female. The ages varied from 
8S to 47; the per cent of myocardial water was 78.4 in two, 78.6 in one, and 
79.1 ina fourth. In the fifth, a child of eight years, the water content, which 
in ¢hildhood may normally be expected to be high, was 80.4 per cent. 


TABLE I 
CONTROL GROUP 


| | HOURS POST MORTEM | PER CENT WATER IN 


SEX | AGE | ree ar a pee | GE SES HEART SIZE 
| SPECIMEN EXAMINED | | MYOCARDIUM 

M . a | Unknown 78.4 Normal size 

EF | 4 | 14 78.4 Normal size 

M i 47 | 10 78.6 Normal size 

M | 47 10% 79.1 | Normal size 

M | oe: 4 15% 80.4 Normal size 


There were 8 persons (‘Table IL) in whom eardiae disease was a coincidental 
finding; 6 were females, 2 were males. Ages varied from 43 to 65 years. Heart 
musele specimens were obtained trom four to twenty-four hours post mortem. 
Two had carcinomas; one an adenocarcinoma of the rectosigmoid region with 
intestinal obstruction and bilateral hydronephrosis and rheumati¢ mitral stenosis 
and insufficiency with cardiae hypertrophy; the other a carcinoma of the tongue 
with metastasis and syphilitic aortitis with aneurysm. The heart weight of the 
first was 400 Gm., of the second 210 Gm. There were no cardiae symptoms during 
life. Water content of the myocardium in the first was 78.9 per cent, and in the 
second 77.6 per cent. The third had systolic and diastolic hypertension, with 
multiple cerebral attacks and coronary sclerosis. At necropsy both sides of the 
heart were enlarged: the heart weighed 450 Gm. and the water content was 
79.3 per cent. One with chronic pulmonary tuberculosis and cavitation, dia- 
betes mellitus, and an enlarged liver, showed the right ventricle to be hyper- 
trophied and dilated. The heart weight was 350 Gm., and the water content 
of the myocardium was 75.2 per cent. There was no congestive failure in any. 
No relationship existed between the degree of cardiae hypertrophy and the water 
content. The relatively low percentage of 75.2 water in the heart of a tuber- 
culous patient may be explained on the basis of dehydration in a chronie wasting 
disease, 

Eight persons, 5 females and 3 males (Table IIIT), had renal insufficieney in 
addition to eardiae disease which terminated in uremia. Four had chronie glo- 
merulonephritis, 3 had arterioloselerosis of the kidneys, and one had renal tuber- 
culosis. Ages varied from 18 to 60 years. Specimens were obtained from three to 
eighteen and a half hours post mortem. Of the four with glomerulonephritis, 
one had associated rheumatie mitral and aortie valve disease. Heart weights 
varied from 385 to 710 Gm. All except one were in failure. The water content 
of those in failure was 79.6 in 2, and 80.7 per cent in another. The fourth had 
been in failure previously but not at the time of death. The water content 
of this patient was 78.39 per cent, the lowest of the four. Three others 
with hypertension and primary contracted kidneys, terminating in uremia, had 
congestive failure of varying duration. Heart weights were 900, 650, and 480 
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Gim., and the percentage of water 80.2, 78.57, and 78.2, respectively. A patient 
with extensive renal tuberculosis, hypertension, and cerebral insult terminated 
also in uremia. There was no history of congestive heart failure. The heart 
weight was 460 Gm., but the water content of the myocardium was 77.9 per cent. 
It is noteworthy that the water content of the myocardium of the persons in 
whom there was no failure was low, and that the lowest water content in the 
entire group was in a person not in failure. The highest percentage of myo- 
cardial water in the entire group, 80.7, was from a patient with generalized 
anasarea, 

Congestive heart failure, which had been present for ten years in two per- 
sons, cleared up before death (Table 1V). Both showed cardiac hypertrophy, 
with heart weights of 540 and 500 Gm. and both had extensive coronary artery 
disease; one had, in addition, rheumatic heart disease, and the other had a large 
patent foramen ovale. The water content of the myocardium of the first was 
79.3 and of the second, 79.7 per cent. Failure was, however, absent, and water 
content was considerably less than in many persons with congestive heart failure. 

In addition to the 6 persons whose condition was complicated by nephritis, 
32 other persons had congestive heart failure at the time of death (Table V). 
Fifteen were males, 17 were females. Ages varied between 13 and 75 years. 
Material was obtained from one and a half to twenty-seven hours post mortem, 
but in the majority of instances the specimen was obtained within twelve hours 
after death. Of these 11 had rheumatic heart disease. Every one also had 
cardiae hypertrophy. Heart weights varied from 350 to 730 Gm. The per- 
centage of water in the myocardium varied between 78.9 and 82.1. The latter 
figure was the highest in the entire series. It is interesting that 7 of the 11 
had myocardial water in excess of 80 per cent. There was no relationship 
between the degree of cardiae hypertrophy and the amount of water present 
in the myocardium. The high percentage of water in this group may be ex- 
plained by the fact that many hearts were from children whose hearts normally 
have a high water content. 

The presence of hypertension or a history of it was noted in 17. Cardiae 
hypertrophy and dilatation were present in all. The average heart weight 
was 521 Gm., approximating the figures usually given for hypertensive heart 
failure. The lowest figures for water were 77.3, 78.03, and 78.7 per cent. The 
first of these was from a hypertensive patient with chronic pulmonary tuber- 
culosis, a colostomy for cancer of the rectum, and cirrhosis of the liver. Heart 
weight was 380 Gm. and hypertrophy was limited to the right side of the heart. 
The low water content may be explained by associated chronic wasting disease 
and by advaneed age. Figures in excess of 80 per cent occurred less frequently 
than in the rheumatie group since the patients were adults with essential hyper- 
tension; however, significant increases in water occurred in many. 

A child with patent ductus arteriosus, subacute bacterial endocarditis, acute 
vlomerulonephritis, and congestive failure, had a heart weighing 275 Gm., whose 
water content was 81.4 per cent. A woman of 64 vears with Grave’s disease, 
eardiae hypertrophy, and congestive failure had a heart which contained 79.2 
per cent water. 
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GROSS: WATER CONTENT OF MYOCARDIUM IN HYPERTROPHY 907 


There were 2 persons with advanced pulmonary tuberculosis with advanced 
congestive heart failure. The heart of one weighed 380 Gm. and showed hyper- 
trophy and dilatation of the right side. The water content was $1.5 per cent. 
The heart of the other weighed 560 Gm., had failure of the right side of the 
heart of one and a half years’ duration, and a water content of 79.69 per cent. 
The marked increase in muscle mass in the second person may have been due 
to some factor other than lesser circulation hypertension. 


DISCUSSION 


The water content of all the tissues of the body varies at different times 
and under different circumstances. It is higher in youth, declines in maturity, 
and increases in old age. Different species of animals have different amounts 
of water in the tissues. The most active organs of the body have the greatest 
percentage of water. The brain, the heart, and the muscles accordingly have 
the highest water content. Various diseases, wasting states, dehydration, and 
hydremia may be expected to alter the water content of organs. 

Peters and Van Slyke! states that abstinence from water causes a redue- 
tion of water content of blood, whereas an excess intake causes an increased 
content in the blood. Muscles do not take up fluid after injections of sodium 
chloride and ealeium chloride. Following injections of hypertonie salt solutions, 
muscles even give up water, probably as a compensatory mechanism. In gen- 
eral, however, water content of muscle may be expected to remain at a fairly 
uniform level. 

Since water is most abundant in the tissues in youth, the water of the 
myocardium in childhood is also very high. The heart of a normal child had 
80.4 per cent water, the highest in the normal group. It seems reasonable also 
that the ereatest water content of the entire series should be found in the 
hearts of children with congestive heart failure. This view was confirmed. 
The highest figure in the series, 82.1 per cent, was recorded from a child of 16 
with rheumatic heart disease and generalized anasarea. 

The regulation that is maintained over water balance makes it unlikely 
that there can be very great variations in water in the myocardium. The hearts 
of patients with malignancies or chronic wasting diseases, such as tuberculosis, 
in whieh congestive failure is terminal or coincidental may show the effects of 
chronie dehydration and inanition. Several such cases, despite advanced failure, 
showed an amount of myocardial water within normal limits. Age may be an 
additional contributory factor since water content is low in maturity. It is, 
therefore, reasonable to expect, and it was confirmed in this study, that in 
congestive heart failure in the aged, water content may be within or only slightly 
above the normal. When it is considcred that the increase in water in the 
myocardium due to congestive failure is not great, it is evident that in failure 
complicated by wasting diseases or advanced age, normal figures may represent 
actual water retention. 

The close guard that the kidneys maintain over the electrolyte constants 
of the blood makes it likely that normal limits of water will not be exceeded 
in compensated renal insufficiency, but will be increased when renal disease is 
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GROSS: WATER CONTENT OF MYOCARDIUM IN HYPERTROPHY 913 


complicated by congestive heart failure. In 4 patients with uremia with con- 
gestive failure the water content was significantly increased; it is signifieant 
that 2 patients in uremia with hypertension and cardiac hypertrophy but no 
failure showed a normal amount of water in the myocardium. 

In the hypertrophied compensated heart the weight of the heart had no 
relation to its water content. The amount of water in the heart not in failure 
was within normal limits. In congestive heart failure, however, the amount 
of water in the myocardium was definitely increased in many instances. It may 
be said, then, that eardiae hypertrophy is not wholly or partly due to increased 
water but to an increase in intrinsic muscle mass. Congestive heart failure, which 
causes a hydremia and edema of all the tissues, affects the heart muscle as well 
and is manifested by an increase in the percentage of water. 

The clinieal importance of the demonstration of increased water in the 
myocardium in congestive heart failure is of significance in connection with 
diuretic therapy. In addition to a primary action on the kidneys, it is probable 
that diuresis may exert an important secondary action on the heart muscle, 
resulting in reduction of edema of the heart, thereby augmenting cardiae con- 
tractility. 

SUMMARY 


1. The water content of the myocardium from persons with cardiae hyper- 
trophy and with cardiae hypertrophy with congestive heart failure was deter- 
mined and compared with normals used as controls. 

2. The hearts from patients with wasting diseases and the aged showed rela- 
tively low water contents. Children, on the other hand, showed relatively high 
myocardial water contents normally and in congestive heart failure. 

3. In eardiae hypertrophy without failure the water content was not in- 
creased. The increase in heart weight in cardiac hypertrophy is due to an 
intrinsic increase in muscle mass and not to an increased amount of water. 

4. In congestive heart failure the water content of the myocardium was 
increased due to anasarea which involved also the myocardium. The greatest 
increase of water was observed in childhood, reaching 82.1 per cent in one 
instance. Normal figures in the aged patients with wasting diseases may repre- 
sent actual water retention. 

5. The beneficial effects of diuresis in congestive heart failure may in part 
he due to reduction of excessive myocardial water content, thereby improving 
cardiae contractility. 
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DIARRHEA CAUSED BY DIENTAMOEBA FRAGILIS* 


Marion Hoop, Pu.D., CHicaco, It. 


LINICIANS are familiar with the patient who presents symptoms of per- 

sistent diarrhea, characterized by frequent mushy stools and associated 
with a certain amount of abdominal distress. Symptomatic treatment may alle- 
viate the condition, but the original status returns when normal living is re- 
sumed. Although this type of diarrhea does not progress to a true dysentery, 
it is nevertheless annoying. Laboratory reports frequently show no abnormal! 
findings either in the bacteriologic or parasitologie fields. 

Such cases present a special problem to the technician. Sometimes direct 
saline smears of the fecal material show small, round, refractile bodies that 
cannot be found in either the iodine preparations or the concentration suspen- 
sions commonly used for aid in identification of intestinal parasites. Because 
of this, it is probable that these bodies, which may be the true etiologie factor, 
are ignored or classed in the general group with the vegetable organism, Blasto- 
cystis hominis. 

LITERATURE REVIEW 


In the original article describing Dientamoeba fragilis Jepps and Dobell 
1918' reported finding 7 cases. They believed this to be a rare form, although 
they pointed out that its recognition was too recent for the extent of its oceur- 
rence to be known. Credit was given to Wenyon who had seen this organism 
in 1909 but, not recognizing it as a new species, had not reported it. 

In 1924 Taliaferro and Becker? reviewed the literature dealing with the 
reported cases of Dientamocba fragilis. There had been 20 cases reported from 
England, 5 from the Philippines, 4 from Germany, 3 from the United States, 
and one from Holland, making a total of 33 cases. Even this does not represent 
the wide distribution of the infection, as many of these individuals were soldiers 
or travelers returning from various other countries. 

In 1926 Kudo* made a careful study of these organisms from a patient in 
Urbana, Ill. The following year Gittings and Waltz‘ reported finding 3 eases 
in children. Previously the infection had apparently been found only in adults. 

Up to the year 1934 Dientamocba fragilis had been considered a rare organ- 
ism of widespread distribution. At this time Svensson and Linders® made a 


*From the Department of Medicine, University of Illinois College of Medicine. 
Received for publication, August 16, 1939. 
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thorough survey of 74 persons in a heavily infected group of patients in a 
mental hospital in Sweden. They found 72.9 per cent of this group positive 
for Dientamoeba fragilis, and 54.0 per cent harboring Endamoeba histolytica 
organisms. The following year Wenrich, Stabler, and Arnett® made an in- 
testinal protozoal survey of 1,060 freshmen entering the University of Penn- 
sylvania. In this group 45, or 4.3 per cent, were found positive for Dienta- 
moeba fragilis and 43, or 4.1 per cent, positive for Endamoeba histolytica. The 
next report came from Brug’ who carried out his work in a mental hospital 
in Holland. Ue found 36 per cent of the patients infected with Dientamoeba 
fragilis as compared to an 8 per cent positive finding for Endamocba histolytica. 
In 1937 Hakansson* found 16 new eases of Dientamoeba fragilis among 31 in- 
stitutional patients in Panama, giving a 42.1 percentage of new infections. 
This group had previously been treated for Endamocba histolytica and subse- 
quent examinations had shown them to be free from amoebic infections. 

Sapero and Johnson'* reported a series of examinations made on Navy 
recruits at Norfolk, Va. They found 17.1 per cent of the men from the south- 
ern states and 10.4 per cent of the men from the north infected with Dienta- 
moeba fragilis. This is the highest percentage ever reported for this parasite 
in the United States. This same group showed 14.7 per cent and 7.8 per cent 
Endamoeba histolytica infection, respectively. 


TECHNIQUE OF EXAMINATION 


Over 2,000 fecal examinations have been made in this laboratory during 
the last few years. Up to September, 1938, no Dientamoeba fragilis were iden- 
tified. The reports indicate that these organisms were present but were being 
overlooked. 

During the summer of 1938, while working at the Gorgas Memorial Labora- 
tory in Panama, I became familiar with the Dientamoeba fragilis and the tech- 
nique of its identification. Hakansson,* whose work was done at the Gorgas 
Laboratory, gave a description similar to the following. In a saline emulsion 
Dientamoeba fragilis organisms appear as small (5 to 20 microns), fine, refrae- 
tile, very round bodies. When pseudopods are observed, they are very thin and 
show a characteristic angular appearance. Careful watching is required to 
observe this motion as the action is usually delayed. The nuclei are very in- 
distinet or invisible. In water solutions, therefore, in iodine preparations fre- 
quently used to bring out nuclear structure, the body explodes, freeing the endo- 
plasm and leaving a ring of ectoplasm which is not characteristic of the original 
strueture but more nearly resembles a disintegrating blastocystis. This deserip- 
‘tion follows very closely that given by Jepps and Dobell' in their original 
article on Dientamoeba fragilis. 

For confirmation of the diagnosis iron hematoxylin stains are most useful. 
Such studies made by Jepps and Dobell,’ Robertson,’ Kudo,* Craig,’ and Wen- 
rich"! have given an adequate knowledge of the nuclear structure of this organ- 
ism. About 80 per cent of the forms have two nuclei of similar strueture which 
1cay be adjacent or at opposite sides of the cytoplasm. The nuclear mem- 
ivane is so delicate it appears as merely the termination of the cell cytoplasm. 
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The karyosome is made of four or more fairly distinct granules, one of which 
is often slightly larger and may take a somewhat darker stain than the others. 

The special modification of adding an extra amount of glacial acetic acid 
(total 15 per cent) to the Schaudinn solution to bring out the nuclear structure 
of Dientamoeba fragilis, as suggested by Johnson,’* has proved very satisfactory. 
This Johnson method was used for all the hematoxylin stains. 





Fig. 2. 


RESULTS 


During the last ten months fecal specimens from 164 individuals hav 
been examined. The special characteristics of Dientamoeba fragilis have been 
kept in mind. Iron hematoxylin stains were made if the direct smear showed 
the presence of any protozoa, and each slide was searched carefully for an) 
form which might be present. Dientamoeba fragilis organisms were found in 
the stools of 7 patients, 3 children and 4 adults giving a 4.2 per cent positive 
In this group 6 eases of Endamvoeba histolytica were found. The relationships 
between the per cent positive for Endamoeba histolytica and Dientamoeba fra 
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gilis compare favorably with the results obtained by Wenrich, Stabler, and 
Arnett.” The actual percentages, however, cannot be compared, as Wenrich and 
others were conducting a student survey, while the present work was carried 
out on patients whose clinical symptoms indicated the advisability of a fecal 
examination. 

PATHOGENICITY 


In the original article on Dientamoeba fragilis Jepps and Dobell stated that 
there was no reason to believe that this organism was a pathogen. All their 
‘ases Showed some type of abdominal distress, but as few symptomless patients 
were sent to their laboratory, they considered this a coincidence. Mollari and 
Anzulovic'® in 1938, quoting Robertson, Gittings and Waltz, Hakansson and 
adding their own ease, showed that the observations of these workers pointed 
to the fact that Dientamoeba fragilis infection produces gastrointestinal disturb- 
ance and an eosinophile response in the blood. 

The present small series gives further evidence of a pathogenic role for 
Dientamoeba fragilis. One of the children who also had an accompanying En- 
damoeba histolytica infection had definite intestinal distress and diarrhea. A 
course of treatment with chiniofon cleared up the condition. Another child 
who had mild diarrhea showed an 11 per cent eosinophilia. No other cause for 
these reactions could be elicited. This was the only one of the 7 cases that 
showed an increase in the eosinophile count. The mother of the third child 
reported finding worms in the stool and requested an examination. No symp- 
toms had been noted. These last two children had been hospitalized for other 
conditions and were sent home without treatment for the amoebae. Of the 
adults, one was a neurologic patient whose diarrhea seemed to accompany 
periods of mental stress. To rule out a possible histolytica infection the exam- 
ination was made which revealed the presence of Dientamoeba fragilis, the only 
contaminating protozoa. This patient became dissatisfied and left before amoebic 
treatment was begun. The other 3 patients gave histories of definite abdominal 
distress with accompanying diarrhea. Examination showed Dientamoeba fra- 
gilis infection in all instanees. Treatment with chiniofon in 2 persons and 
emetine hydrochloride in the third completely cleared up the symptoms, and 
the stools have remained free from the organisms. 


DISCUSSION 


It appears evident that Dientamoeba fragilis is at times the etiologic agent 
in the type of diarrhea mentioned in the first part of this paper. Almost no 
work has been done to determine the extent of its pathogenic role. It is not 
helieved to be a tissue invader but stands as an intermediate between the inva- 
sive Endamoeba histolytica and the nonpathogenic amoebae, such as Endamoeba 
coli, 

Dientamoeba fragilis is amenable to treatment with any of the drugs used 
in the control of E. histolytica. Emetine hydrochloride has been used with 
siiccess,!® but it is undoubtedly a more drastic measure than the disease warrants. 
Symptoms disappear and organisms become scarce after forty-eight hours of 
ireatment with any of the arsenical or oxyquinoline compounds used for En- 








918 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


damoeba histolytica. The full recommended course usually gives complete cure. 
There may be a recurrence of symptoms due to either an exacerbation or a rein- 
fection, but additional treatment soon brings them under control. 


CONCLUSIONS 


1. Dientamoeba fragilis is an amoeba which deserves more attention than 
it has been awarded. 

2. The recognition of this organism is not difficult if its special character- 
istics are borne in mind. 

3. The use of the iron hematoxylin stain facilitates the differentiation of 
this form from the other amoebae and from vegetable organisms, and thereby 
helps to confirm the diagnosis made from the saline emulsion. 

4. The frequeney of occurrence of Dientamoeba fragilis at least equals that 
of Endamoeba histolytica. 

5. This amoeba undoubtedly produces gastrointestinal symptoms and ap- 
parently, at times, an elevation in the eosinophile count. 

6. Dientamoeba fragilis is amenable to treatment by the same drugs used 
in the control of Endamocha histolytica, 


I am indebted to Dr. R. W. Keeton, head of the Department of Medicine, University of 
Illinois College of Medicine, for his valuable suggestions and criticisms. 

Note.—Since the submission of this paper, parasitic examinations have been made on 279 
patients. Of this number 13 were found positive for Dientamoeba fragilis and 13 were positive 
for Endamoeba histolytica, making a 4.6 per cent infestation for each. These figures are com- 
parable to those given in this paper. 
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FUSION BEATS* 
A Report or A CLINICAL INSTANCE AND AN EXPERIMENTAL Stupy IN THE DoG 


Davin H. Rosenserc, M.D., Cuicaco, IL. 


N 1911 Lewis' published the first curves demonstrating the experimental 
production of fusion beats (‘‘transitional complexes’’), and in 1913 he? 
deseribed a clinical instance of this phenomenon. He regarded fusion beats as the 
ventricular complexes produced by the ventricles responding partly to the 
sinoauricular impulse and partly to an ectopic impulse. Variations in the 
shape of such ventricular complexes were seen in the electrocardiogram, rang- 
ing in contour from almost a pure sinus QRS-T to almost a pure ectopic form 
of QRS-T. Recently, Hill and Cameron® recorded similar clinical observations. 
Although isolated fusion beats have been noted frequently in electrocardio- 
grams since Lewis’ original communication, a series of such beats, representing 
extrasystoles in various degrees of fusion with the normal sinus impulse, is 
rare. It has been observed at the Michael Reese Hospital only twice among 
10,000 electroecardiograms. For this reason, the analysis of a case demonstrat- 
ing this phenomenon is reported, and its mechanism analyzed on the basis of 
an experimental reproduction of this condition in the dog. 


CASE REPORT 


J. C., a white male lawyer, aged 76 years, was first seen on July 15, 1936, complaining 
of retrosternal pain. He had been in excellent health until six months previously, when 
progressive weakness and tiredness set in. On June 24, following three strenuous days 
in eonference, he was seized with mild cramping retrosternal pain which persisted for 
thirty minutes, subsiding on rest. The present attack, similar to the preceding one, oc- 
curred one hour after a large lunch, and was accompanied by nausea and by vomiting 
of undigested food; it lasted one hour and disappeared after resting. The further history 
was noncontributory. 

Physical examination revealed a_ well-developed, well-nourished, apprehensive male. 
lhe chest was moderately increased in its anteroposterior diameter. The lungs were hyper- 
resonant and the breath sounds were somewhat suppressed throughout. A faint apical 
impulse was visible at the nipple line in the fifth interspace. The cardiac borders were 
within normal limits. The pulse was 88 per minute. The regular sinus rhythm was inter- 
‘upted by frequent premature systoles. A faint, blowing systolic murmur was audible at 
‘he apex, and a similar, though louder, murmur was heard at the second right and third 
eft interspaces near the sternal border. The liver edge descended 1 em. below the costal 
‘iargin in the midelavicular line on inspiration; it was smooth and nontender. The blood 

ressure was 140 systolic, and 60 diastolic; the temperature, 98° F. (oral); the respirations, 
'S per minute. The rest of the examination, urinalysis, and blood count were normal. 





*From the Cardiovascular Department and Division of Medicine, Michael Reese Hospital, 
d from the Department of Medicine, Northwestern Medical School. 

Aided by the A. D. Nast Fund for Cardiac Research, Michael Reese Hospital. 

Received for publication, August 18, 1939. 
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An electroeardiogram (Fig. 1), made one and one-half hours after the cessation of 
pain, disclosed the following: Rate 91. P-R interval 0.20. QRS upright in limb leads, 
slurred and small, with S, present. T, and T, inverted. T, and T, small. TT, up. S-T, 
depressed. S-T, and S-T, isoelectric. QRS, (CF,) almost entirely down. P, inverted, T, 
diphasic, S-T, elevated (but within normal limits). There are frequent ventricular extra- 
systoles. In Lead II there is a run of four such extrasystoles, three of which are fusion 
forms of varying degrees. Such fusion beats are also seen earlier in Lead IT and in Lead 


III. Sinus rhythm. Low ‘‘ voltage. Definitely abnormal curve. Suggests chronie coro 


nary insufticieney. 





Fig. 1.—Electrocardiogram taken on July 15, 1936. Lead IV is CF: Fusion beats are 
designated as F’; ectopic beats as FE. Above each record the average R-R interval of the ectopic 
rhythm is marked off. Solid lines indicate effective ectopic impulses. Dotted lines represent 
ineffective ectopic impulses, and demonstrate that the ineffectiveness of the ectopic stimuli is 
due to “exit” block in Leads I and IV, and to “interference” in Leads II and III. In Lead II 
fusion beats, F:, Fe, Fs, and F; represent varying degrees of fusion between the sinus and ectopic 
impulses. Description in text. 


Clinieal diagnosis: (1) Coronary sclerosis. (2) Atheromatous aorta. (3) Chronic 
pulmonary emphysema. 

On the following day, July 16, a presystolic gallop rhythm was audible at the apex. 
Henceforth, mild brief attacks of retrosternal pain recurred once or twice daily, and pre 
mature systoles were noted frequently. On July 22, three severe nocturnal seizures of pain 
associated with slight dyspnea occurred at two- to three-hour intervals, each lasting fifteet 
to thirty minutes. During one seizure the pain radiated down both arms to the fingers 
The temperature remained normal and the pulse and blood pressure were unchanged. Th: 
patient was kept at bed rest for six weeks during which the anginal attacks decreased i: 
frequency and intensity. Since then, mild attacks have appeared after severe exertion 0 
following a large meal, and have been relieved by rest and nitroglycerin (0.0006 Gm. 
On Nov. 20, 1936, an electrocardiogram revealed rate averages 82 and P-R interval 0.2! 
(Fig. 2). Compared with the first record QRS is taller in Leads I and II. Contour of QR* 
in Lead IIT has changed. T, smaller, T, now up, T, taller, S-T, now depressed. S-T; sti 
depressed. S-T, more elevated (still within normal limits). T, now upright and has 
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longer and smaller negative phase. Frequent ventricular extrasystoles from two foei. The 
second one in Lead IIT is interpolated with a prolongation of the succeeding P-R interval 
to 0.28 second and aberration of QRS-T complex. In Lead IV the last post-extrasystolic¢ 
beat has a different type of P wave, indicating a shift in the pacemaker. Sinus arrhythmia. 


Definitely abnormal curve. Shows a progression of the coronary insufficiency. 








eo 





Fig. 2.—Electrocardiogram taken on Nov. 20, 1936. Description in text. 


On Oct, 22, 1937, the patient’s general condition was subjectively unchanged. The 
gallop rhythm had disappeared and the heart was regular. <A distant blowing diastolic 
murmur was now audible along the left border of the sternum, and the systolic murmur 
at the aortic area had become high pitched and musical. The blood pressure was 160 
systolic, and 90 diastolic. The new findings were interpreted as indicating slight aortic 
ncompetency on an arteriosclerotic basis, probably with a plaque on one or more of the 
ortic leaflets. The diastolic murmur has gradually increased in intensity, and premature 
systoles have reappeared ocecasionaliy. Another electrocardiogram was made on Nov. 28, 
'38 (Fig. 3). It showed rate averages 78, and P-R interval 0.22 second. Record differs 
‘rom the one 2 years before in that T, is smaller. S-T, is now elevated outside of normal 
unge. In Lead V (CF,) QRS is inverted and W-shaped, and T is inverted. Sinus 

rhythmia. Ventricular extrasystole in Lead II. Fusion beats in Lead I (fifth beat) and 

Lead IV (second beat after standardization). First degree auriculoventricular block. 
efinitely abnormal curve. A progressive chronic coronary insufficiency. At the present 
riting, his physical condition is unchanged. 


ANALYSIS OF THE FIRST ELECTROCARDIOGRAM 


Measurements were made of the R-R intervals of the sinus beats, and these 
ere compared with the R-R intervals between the ectopic and fusion beats. 


‘he R-R intervals of the sinus complexes varied between 0.64 and 0.69 second. 
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Fig. 3.—Electrocardiogram taken on Nov. 28, 1938. Lead V is CF;. Description in text. 


Fig. 4.—Showing the close similarity between an ectopic impulse and the ectopic (para 
systolic) component of the fusion beat. N, normal ventricular complex. F:2, fusion beat. J, 
ectopic impulse. All taken from Lead II of Fig. 1. The curve, Ff: —- N, is the ectopic componen' 
of F2, constructed by subtracting algebraically the values of N from F: found at correspondin: 
times, using the beginning of the P wave as zero time. Note that the QRS and T waves 0! 
the ectopic component, F2 — N, are smaller than those of the nonfusion form, FE. Discussed i! 


text. 
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Similarly, the R-R intervals between the ectopic systoles, shown in Table I, 
were found to be simple multiples of durations between 0.64 and 0.68 second. 
From this it appears that the anomalous ventricular complexes occurred at 
rhythmie intervals, and suggests the presence of two independent rhythms, 
namely, a sinus and a parasystolic ventricular rhythm. The spacing of the 
parasystolie rhythm is shown in Fig. 1 by the vertical lines above each lead. 
The dotted lines show when the ectopic pacemaker fails to affect the ventricle, 
in some instances because of interference dissociation, in others because of 
‘exit’’ block. 
TABLE I 
R-R INTERVAL BETWEEN PREMATURE SYSTOLES 


Lead I 5.92 (9 x 0.658) second 
Lead II 1.30 (2 «x 0.650) second 
0.64 (1 «x 0.640) second 
0.66 (1 «x 0.660) second 
0.64 (1 « 0.640) second 
Lead III 3.36 (5 « 0.670) second 
Lead 1V 4.74 (7 x 0.677) second 


Average R-R interval 0.664 second 


Additional evidence favoring the existence of two independent rhythms 
giving rise to fusion beats was obtained by retracing on the same scale a sinus 
beat, an ectopie beat, and a fusion beat, using the beginning of the preceding 
P wave for zero time in each. The sinus beat was then algebraically subtracted 
from the fusion beat, and the curve so derived was compared with the ectopic 
heat. Complexes F,, F,, fF, and F, (Fig. 1) were thus analyzed, and a typical 
result is shown in Fig. 4, taken from Lead II of Fig. 1. The close similarity 
between the ectopic (parasystolic) component derived in this manner and the 
nonfusion forms of premature systoles seen in the electrocardiogram is clearly 
illustrated by Fig. 4, and offers strong presumptive evidence for the coexistence 
of the two independent rhythms. The fact that the derived curves (viz., F,-N) 
were always smaller than the ectopic complex is not surprising, since the 
amount of heart muscle stimulated from this focus in the fusion beat is less 
than when the ectopie beat alone is in control; the amount of ventricle under 
control of the sinus impulse is also less than usual. 

In instances such as this, where the sinus and ectopie¢ rates so closely ap- 
proximate each other, fusion beats may occur less frequently than anticipated, 
cither because many ectopic impulses occur so late as to fall in the refractory 
phase of the ventricle (interference), or because the ectopic stimuli are blocked 
within the pacemaker by a so-called ‘‘exit’’ block. From Fig. 1 it is apparent 
that in our ease, both interference (Leads II and III) and ‘‘exit’’ block (Leads 
| and IV) were operative, and that, of the effective ectopic impulses, some 
produced simple premature systoles (F, Fig. 1), while others combined with 
the sinus impulse to produce fusion beats (F, Fig. 1). 


EXPERIMENTAL PRODUCTION OF FUSION BEATS 


Lewis', in his early work on fusion beats, stimulated the left ventricle of 
dog by rhythmie shocks induced at a rate slightly more rapid than the sinus 
hythm. Ventricular complexes were thus produced, illustrating a gradual 
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Fig. 5.—Showing some fusion beats produced in the dog (Lead II). F, fusion beat. FE, 
artificial ectopic beat. The average R-R interval between ectopic stimuli, the rate of the Lewis 
interrupter, is marked off above each record. Solid lines indicate effective ectopic impulses: 
dotted lines, ineffective stimuli. (The artificial stimuli were not at all times discharged by the 
interrupter at absolutely rhythmic intervals, thus explaining the slight variations in the R-R 
intervals. ) 


Fee 


Fee-N 


_—“—“ + 





Fig. 6.—Curves illustrating a normal ventricular complex, N, in the dog; an _ exper!- 
mentally produced fusion beat, F:s; the ectopic component of F2. constructed as in Fig. 4 by 
subtracting N from Fx; and a representative ectopic impulse, FE, all drawn from the upper curve 
of Fig. 5. Note the smaller QRS wave of the ectopic component of F2 as compared with that 
of FE. Discussed in text. 


transition from the normal sinus complex through a series of intermediat« 
forms of fusion to the pure ectopic form. Later, in a study of bundle brane: 
block, Wilson and Herrmann‘ were able to alter the form of the normal ven 
tricular complexes by electrical excitation of the affected ventricle at a rat 
either slower or faster than the normal sinus rhythm. Further, by stimulating 
the affected ventricle at the instant when the auricular impulse reached th: 
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opposite normal ventricle, the composite curve resulting from the summation 
of electrical effects resembled that of a normal ventricular complex. 

Repeating Lewis’ method, we studied the mechanism involved in the pro- 
duction of varying degrees of fusion between the sinus impulses and rhythmie 
ectopic (parasystolic) stimuli. A pair of hooked platinum electrodes were 
placed on the exposed right ventricle of a dog and with a Lewis interrupter, 
rhythmie stimuli were induced so as to coincide with every third, fourth, fifth, 
seventh, or eleventh sinus impulse. The eleetrocardiogram was recorded using 
Lead If (see Fig. 5), and the film records were analyzed in the same manner 
as the clinical record. The ectopic components were again derived mathemati- 
cally by algebraic subtraction, and a typical example is shown in Fig. 6. The 
fact that such a known experimental ‘‘parasystole’’ gave rise to fusion beats 
and to interference dissociation, and that the mathematical derivation of the 
ectopie component of the fusion beat resembled that in the clinical case, lends 
further support to the deduction reached in the latter instance. These obser- 
vations are in close accord with those of Lewis,' and Wilson and Herrmann.‘ 

Since parasystole with fusion beats is a more benign condition than pre- 
mature systoles of multiple foci, the differentiation assumes practical impor- 
tance. Perhaps closer attention to this phenomenon of fusion heats will lead to 
its more frequent recognition. 


SUMMARY 


A clinical ease, manifesting an ectopic ventricular parasystolie rhythm 
with various degrees of fusion with the normal sinus impulse, is recorded. The 
mechanism involved in the production of fusion beats is demonstrated experi- 
mentally in the dog. Attention is directed to the importance of recognizing 
fusion beats in the electroeardiogram. 


I am indebted to Dr. Louis N. Katz for his advice and guidance in preparing this report, 
and to Mr. Kenneth Jochim for his assistance in the animal experiment, The interpretations of 
the electrocardiograms were made by Dr. L. N. Katz. 
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LIPID, CARBOHYDRATE, AND MOISTURE CONTENT 
OF THE LIVER IN DIABETES MELLITUS* 


NELLIE HaAuLupay, Pu.D., Boston, Mass. 
S A result of histologic study of autopsy material over a period of years 
Warren' has concluded that livers of insulin-treated diabetic patients do 


not differ radically from those of nondiabetie patients. As a further study of 


the question it was decided to make chemical analyses on similar tissue, but 
it was felt advisable to analyze fresh material. Samples of the livers were put 
into formalin and analyses were carried out after varying lengths of time. The 
results of these analyses will be presented in another paper. 


EXPERIMENTAL 


Autopsies were carried out as soon as permission could be obtained, and 
the liver samples (fresh and in formalin) were immediately sent to the chem- 
ical laboratory. In the case of autopsies performed at night and on Sundays 
the fresh liver sample was kept in the icebox at 12° C. until the following 
morning. 

The liver was cut into small pieces and mixed thoroughly so as to obtain 
representative aliquots. About 10 to 12 Gm. each were used for glycogen and 
free-sugar determinations, between 10 and 15 Gm. for lipids, and about 5 Gm. 
for moisture. 

The method for glycogen as used at present by Dr. G. T. Corit was fol- 
lowed exactly, except that the final glycose obtained after hydrolysis was de- 
termined by the Folin-Wu? colorimetric method. The Trimble and Carey 
methods were used for free sugar and for determination of nonfermentable 
substances. Here also the Folin-Wu method was used for glucose determina- 
tions. The samples for moisture determination were dried for twenty-four 
hours on a steam bath and then in a desiccator over sulfuric acid to constant 
weight. 

The lipid extracts were prepared by the Bloor methods.*:*> For determina- 
tion of total fatty acids and total cholesterol the following method was used: 
The aleohol-ether extract of lipid was saponified almost to dryness in a 100 e.e. 
Erlenmeyer flask, covered with a small watch glass. The residue was taken 
up in a small amount of aleohol and cooled. Volumes of water and petroleum 
ether, equal to the volume of alcohol, were added, and the petroleum ether 
layer, containing the nonsaponifiable fraction, was removed in a separator) 
funnel and washed with a small amount of water, the water being returned to 
the aleohol-water fraction. The petroleum ether was evaporated, the residu: 

*From the Chemical Laboratory, New England Deaconess Hospital, Boston, 

Presented by title before the Ninety-Sixth Meeting of the American Chemical Society) 
Milwaukee, September, 1938. 


Received for publication, August 23, 1939. 
+Personal communication to the author. 
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was taken up in chloroform, and the cholesterol was determined by the Lieber- 
mann-Burehard method, as given by Bloor and co-workers. The water-alcohol 
extract was acidified and extracted with petroleum ether, and the fatty acixls 
were determined by the Bloor microoxidation method.* ° 

Kor phospholipid fatty acids the lipid extracts were evaporated by the 
method deseribed recently by Bloor.’ The magnesium chloride precipitate was 
dissolved in moist ether, saponified directly, and acidified. The acids were 
then extracted with petroleum ether and determined by oxidation. 

The Yasuda method® was used for determination of iodine numbers. 

In carrying out determinations of glycogen or lipid in animal tissue the 
tissue is removed before death or within a very short period of time after 
death. Since some hours usually elapsed between death of the patient and 
receipt of the tissue in the laboratory, it was desired to obtain some tissue from 
living patients for comparison. Through the cooperation of the surgeons‘ 
about 5 Gm. of liver were obtained at biopsy, and about 20 Gr. of gastroenemius 
musele just prior to a limb amputation, both from diabetic patients. In both 
cases it was possible to place the sample to be used for glycogen determinations 
in alkali immediately. In the first case, however, the patient was under ether 
anesthesia and had fasted twelve hours, so that the results for glyeogen were far 
from normal. The results for lipids and moisture of the liver, and all results 
from the musele, probably closely represent values for the aetive functioning 
tissue. 

A total of 30 eases is reported, 21 diabetic and 7 nondiabetie livers from 
autopsy, the liver from biopsy, and the gastroenemius musele. 


RESULTS 


Results of Analysis of Fresh Tissue—In Table I are shown the sex, age, 
and weight of the patients, the weight of each liver, and the results of analyses 
for lipids and moisture. The ages of the patients in the nondiabetic group were 
more widely scattered than those of the diabetie group. The sexes were fairly 
evenly divided. In general, there was less emaciation and heavier body weights 
in the diabetic group. The weights of the livers showed no relationship to the 
total fatty acid values. This is in contrast to the results of Best* with dogs and 
rats, and to my own results with rat livers.’ However, in animal work condi- 
tions can be so controlled that usually only one deficiency is present, whereas no 
such control is possible with patients. Warren’ has discussed many compliea- 
tions, and Futcher’® has listed 13 diseases in which enlargement of the liver may 
be expected, several of which may exist in the same patient at the same time. 

There was wide variation in total fatty acids, particularly in the diabetic 
group. The range was 2.2 to 15.8 per cent for diabetic livers, and 2.2 to 6.3 per 
cent for nondiabetie livers. In the diabetie group 7 eases out of 22 (ineluding 
the liver from biopsy) contained more than 5 per cent total fatty acids, while 
there was 1 ‘‘fatty liver’’ out of 7 nondiabetic cases. Where liver fatty acids 
were high the iodine numbers were about 60 to 65, indicating storage of fats of 
depot nature." 


*Personal communication to Dr. S. Warren, 
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The phospholipids were very constant and the total cholesterol fairly so, 
regardless of the total fatty acid values. Both phospholipid and total cholesterol 
values of the gastrocnemius muscle were very low, the former possibly as a 
result of inactivity.’ 

In cases where the total fatty acid was approximately normal, e.g., be- 
tween 2.5 and 4 per cent, there was little correlation between total fatty acid and 
moisture, but there is an almost mathematical relationship between abnormal 
fatty acid values and moisture. The lowest total fatty acid percentage found 
was 2.2 and the highest was about 15.8 per cent, with moisture contents of 79 
and 65 per cent, respectively. These results are similar to those of Deuel'? for 
rats, and of Kaplan and Chaikoff'® for dogs. 

Table IL gives the results of analyses for carbohydrates, in some cases 
corrected for nontermentable material. The time that elapsed between the 
death of the patient and the beginning of analysis is given as ‘‘hours post 


’ 


mortem.’’ Also given for comparison are the data on severity of diabetes, the 
total fatty acid values of the livers, and the last determination of blood sugar. 
The severity of diabetes is judged by the amount of insulin required to keep 
the patient in equilibrium. Determinations of carbohydrate were not made on 
the livers received earlier, and since most of the nondiabetic livers were 
analyzed at the beginning of the work, no comparisons are possible. It is seen 
that there was wide variation in both glycogen and free sugar, the nonferment- 
able material accounting for some, but usually not a great percentage of the 
apparent value. There was little correlation between carbohydrate values and 
total fatty acids, severity of disease, time after death, and final blood sugar 
determinations. 


DISCUSSION 


A diabetic person is one who has a disturbed carbohydrate metabolism ; he 
usually dies from diseases other than diabetes. For this reason, it was felt that 
the controls should be nondiabetic persons so selected as to represent the dif- 
ferent types of disease from which diabetic persons may die rather than nor- 
mal persons. Thus Case 36967 is a death from carcinoma with an entirely nor- 
mal liver. Case 37186 is a death from tuberculosis with a liver normal except 
for slight toxie reaction to the existence of the tuberculous process. Case 37235 
is a death from Hodekin’s disease, with some involvement of the liver. Case 
37326 is a death from earcinoma of the bladder. Case 37426 is a death from 
peritonitis, showing the same type of focal necrosis in the liver that so many 
diabetie patients dying with sepsis show. Case 37463 is a death from a pul- 
monary embolus and could be regarded as fully normal as a person killed by an 
automobile instantaneously. Case 37941 is a case of cardiae failure with a nor- 
mal liver comparable to the cardiae failure so frequently seen in diabetic patients. 

A consideration of the results obtained shows that little difference was 
‘ound between the livers of diabetie and nondiabetic persons that were analyzed. 

The large amount of lipid found in a few of the livers apparently consists of 
neutral fat, which is, as shown by the iodine numbers, of depot nature. 

The phospholipid fatty acid values were very constant. Sinclair’ states: 
‘One of the fundamental concepts concerning the phospholipids has been that 
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the amount of phospholipid in any one tissue is a fixed characteristic of that 
tissue, much as its histological structure is fixed.’’ According to Abrami,'’® 
the phospholipid of liver is not appreciably altered by injecting insulin. 

The total cholesterol was fairly constant but showed some tendeney to vary 
with the total fatty acids. Phospholipid and free cholesterol values have been 
shown to maintain a relatively fixed ratio to one another.'* Ester and free 
cholesterol determinations were made on the liver extracts of 3 persons with 
diabetes and of 2 normal persons. Total phospholipid, as well as phospholipid 
fatty acids, was determined in some cases, and it was found, in agreement with 
and others, that the fatty acids made up about two-thirds of the 
molecule. Using this factor and converting the fatty acid values to phospho- 


Haven'® 
lipid, the average phospholipid :free cholesterol ratios in these 5 cases were 
17.2 and 16.8 for diabetic and nondiabetic tissue, respectively. The average 
phospholipid :total cholesterol ratios for all livers analyzed were 10.6 + 2.2 
and 9.6 + 1.2, with ranges of 5.5 to 17.2 and 7.7 to 11.4, respectively. Thus 
there was greater variation in the diabetic group but fairly close agreement in 
the ratios between the two groups. 

In interpreting the results of carbohydrate analyses several factors must 
be considered. In a few eases (e.g., Cases 39416 and 39438) there appears to 
be evidence of fat-glycogen antagonism, but there are many exceptions. The 
time after death has had no constant effect on carbohydrate values. This is 
unusual in animal work, but Warren! quotes from the work of Popper and 
Wosazek showing that there was but little change in total earbohydrate in 
livers of persons with diabetes over a period of two days, regardless of the 
iemperature at which the liver was kept. In the present work there are 4 livers 
with high carbohydrate values analyzed twenty hours or more post mortem. 
Liver injury has been shown to lower the amount of glycogen stored.? In this 
study each of 8 liver samples (excluding the biopsy sample) contained more 
than 500 me. per cent total carbohydrate. In 6 of these cases the patients 
showed no elinieal or pathologie evidence of liver injury. Sex has been shown 
by Okey and eo-workers'™ '* and by Deuel,!’*! to play a part in carbohydrate 
and fat metabolism in rats. Glycogen content was higher in livers of male, and 
total fatty acids were higher in livers of female animals. However, of the 8 
livers previously mentioned 4 were from male and 4 from female patients; and 
in one ease, a female, the fatty acids were also high. There is little or no ecor- 
relation between severity of disease or between the last fasting or the post- 
mortem blood sugar values and liver carbohydrate. The hypothesis is offered 
that the pathologie conditions which induced death may have affected the 
enzyme systems. 

SUMMARY 


In an attempt to determine whether differences exist between tissues of 
diabetie and nondiabetie persons a series of human livers from autopsy were 
inalvzed for lipids, moisture, glycogen, and free sugar. 

The results do not show any outstanding differences, except that there was 
nore variation in total fatty acids in the diabetic group. One-third of the livers 
of persons with diabetes, and 1 out of 7 livers of normal persons, contained more 
han 5 per cent total fatty acids. Iodine numbers in both groups showed that 
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the excess fat was of depot nature. The phospholipid fatty acids and total 
cholesterol values were fairly constant. As liver fatty acids increased above 
normal the moisture decreased. 

The glycogen and free sugar values varied greatly, but showed little or no 
relationship to severity of the disease, recent blood sugar determinations, total 
fatty acids, and in some cases, to time after death. 


It is a pleasure to acknowledge the helpful interest and advice of Dr. Shields Warren 
throughout the course of these experiments. I wish to thank Professor W. R. Bloor for his 
help in interpreting some of the results, and Dr. H. C. Trimble for his interest and suggestions. 

I am also greatly indebted to Dr. H. F. Root for arrangements for this study, and to the 
surgeons, Doctors L. S. McKittrick and T. C. Pratt for the biopsy liver sample, and Dr. H. B. 
Loder for the gastrocnemius muscle. 


REFERENCES 


1. Warren, 8.: The Pathology of Diabetes Mellitus, ed. 2, Philadelphia, 1938, Lea & Febiger. 
2. Folin, O.: Two Revised Copper Methods for Blood Sugar Determination, J. Biol. Chem. 
82: 83, 1929. 
3. Trimble, H. C., and Carey, B. W.: On the True Sugar Content of Skin and of Muscle 
in Diabetie and Non-diabetie Persons, J. Biol. Chem, 90: 655, 1931. 
1. Bloor, W. R.: The Determination of Small Amounts of Lipid in Blood Plasma, J. Biol. 
Chem. 77: 53, 1928. 
5. Bloor, W. R.: The Oxidative Determination of Phospholipid (Lecithin and Cephalin) 
in Blood and Tissues, J. Biol. Chem, 82: 273, 1929. 
6. Bloor, W. R., Pelkan, K. F., and Allen, D. M.: Determination of Fatty Acids (and 
Cholesterol) in Small Amounts of Blood Plasma, J. Biol. Chem. 52: 191, 1922. 
7. Bloor, W. R.: Effect of Activity on the Phospholipid and Cholesterol Content of Mus 
cle, J. Biol. Chem, 119: 451, 1937. 
8. Yasuda, M.: The Determination of the Iodine Number of Lipids, J. Biol. Chem. 94: 
401, 1931-32. 
9. Halliday, N.: Fatty Livers in Vitamin B, Deficient Rats, J. Nutrition 16: 285, 1937. 
10. Futeher, T. B.: Causes of Enlargement of the Liver, Rev. Gastroenterol. 5: 214, 1938, 
11. Bloor, W. R.: Distribution of Unsaturated Fatty Acids in Tissues, J. Biol. Chem. 68: 
33, 1926. 
12. Devel, H. J., Jr., Hallman, L. F., and Murray, 8.: Studies on Ketosis. XI. The 
Relation of Fatty Livers to Fasting Ketonuria in the Rat, J. Biol. Chem. 119: 
257, 1937. 
13. Kaplan, A., and Chaikoff, I. L.: The Relation of Glycogen, Fat, and Protein to Water 
Storage in the Liver, J. Biol. Chem. 116: 663, 1936. 
14. Sinclair, R. G.: Fat Metabolism, Ann. Rev. Biochem. 6: 245, 1937. 
15. Quoted by Klenk, E., and Schuwirth, K.: The Chemistry of the Lipins, Ann. Rev. Bio- 
chem. 6: 115, 1937. 
16. Haven, F. L.: Tumor Lipids. The Comparative Lipid Content of the Periphery and 
Center, Am. J. Cancer 29: 57, 1937. 
17. Okey, R.: Effect of Cholesterol Feeding Under Varying Conditions Upon Lipids of 
Rat Livers, Proc. Soc. Exper. Biol. & Med. 30: 1003, 1933, 
18. Okey, R., Gillum, H. L., and Yokela, E.: Factors Affecting Cholesterol Deposition in 
the Tissues of Rats, J. Biol. Chem. 107: 207, 1954. 
19. Deuel, H. J., Jr., Gulick, M., Grunewald, C. F., and Cutler, C. H.: The Sexual Varia 
tion in Carbohydrate Metabolism. III. The Comparative Glycogen and Fat Con 
tent of the Liver and Muscles of Rats and Guinea Pigs. J. Biol. Chem. 104: 519, 
1934. 
20. Deuel, H. J., Jr.: The Sexual Variation in the Glycogen and Fat Content of the Liver, 
J. Biol. Chem. 100: xxxv-xxxvi, 1933. 
21. Deuel, H. J., Jr., Butts, J. S., Hallman, L. F., Murray, 8., and Blunden, H.: Studies on 
Ketosis. XIII. Diurnal Changes in Liver Glycogen, J. Biol. Chem. 123: 257, 1938. 





2x coset: 








INFLUENCE OF VARIOUS FAT-CONTAINING DIETS ON THE 
REACTION OF HISTAMINE ACID PHOSPITATE IN TILE 
SKIN OF WHITE RATS* 


J. LAMAR CALLAWAY, M.D., DurHAM, N. C., ANd Ray Oscar Noosin, M.D. 
HUNTSVILLE, ALA. 


TUDIES were undertaken to determine whether the cutaneous reactions in 

white rats to 1:1,000 histamine acid phosphate were influenced by the amount 
of fat ingested. The work outlined here is based on the urticarial reaction of 
the skin to histamine applied intradermally, and the results are compared with 
those obtained in normal control cases. 

The histamine wheal was first described by Eppinger' in 1913. Dale and 
Richards? made an extensive investigation of the pharmacologic action of hista- 
mine in 1918 and coneluded that it caused dilation of the capillaries by deereas- 
ing the tone of these vessels. Lewis® showed that the normal skin gives a constant 
reaction to histamine characterized by the formation of a central wheal and sur- 
rounding flare. He and his associates proved this reaction to be of a threefold 
character, terming it ‘‘the triple response.’’ Starr? applied this histamine reae- 
tion to a study of the circulation in the feet of patients with diabetie arterio- 
sclerosis and found it impaired or absent in cases with the presence of actual 
vangrene. The test has been further used by Caldwell and Mayo," Rondelli,’ 
Roxburgh,* King,” and others in testing various reactions of the skin. 

Thirty-six 21-day-old white male rats were used in the study. Twelve of 
these were placed on a high fat diet in group I, 12 on a low fat diet in group II, 
and 12 on a normal control diet in group ITT. 

Group I, consisting of the rats receiving a high fat diet, were fed Merck’s 
fat-free casein (0.84 per cent fat) 16 per cent, chemically pure sucrose 43 per 
cent, lard 25 per cent, fat-free dried yeast 12 per cent, and salt (Osborn-Mendel 
mixture) 4 per cent; vitamins A and D were supplied from nonsaponifiable 
material extracted from high grade cod-liver oil. Group IL received a low fat 
diet containing Merck’s purified fat-free casein (0.84 per cent fat) 16 per cent, 
chemieally pure sucrose 68 per cent, fat-free dried yeast 12 per cent, salt (Osborn- 
Mendel mixture) 4 per cent, and vitamins A and D in the form of nonsaponifiable 
iiaterial obtained from high grade cod-liver oil. Group IIT reeeived a normal 
diet containing Merck’s purified fat-free casein (0.84 per cent fat) 16 per cent, 
chemically pure sucrose 58 per cent, lard 10 per cent, fat-free dried yeast 12 per 
cent, and salt (Osborn-Mendel mixture) 4+ per cent; vitamins A and D were sup- 
plied from nonsaponifiable material obtained from high grade cod-liver oil. 

The animals were maintained on this dietary regime for sixty-six days, at 
which time it was felt sufficient changes in the body fat had occurred to make 


*From the Section of Dermatology and Syphilology of the Department of Medicine, Duke 
( niversity School of Medicine, Durham. 
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observation worth while. We were careful to observe that no obvious fat de- 
ficiency changes had become evident.'° 

The skin was tested after the manner of Starr on the sixty-sixth day after 
the dietary regime was begun; this consisted of the application of one drop of 
a 1:1,000 aqueous solution of histamine acid phosphate pricked into the skin 
with seven pricks of a needle. The tests were made on the previously shaved 
abdominal walls of each of the three groups, and the reactions were read at two 
and one-half-, five-, and ten-minute intervals. 

A normal reaction as seen in group IIT consisted of a wheal 3 mm. by 3 mm. 
in diameter, which appeared within two and one-half minutes accompanied by 
a flare approximately 1 em. in diameter surrounding the wheal. In group I, or 

> 


3 3 mm. in diameter, with a surround- 


the high fat group, the wheal was 3 mm. by 
ing erythema 1.5 em. in diameter; in group II, the low fat group, the wheal was 
3 em. by 3 em., with an erythematous flare 1.5 em. in diameter. At times irreg- 
ular boundaries of the flare were difficult to determine, but this was true in all 
groups and the flares were essentially the same. The reactions were again tested 
by injecting intradermally 0.05 ¢.c. of 1:1,000 histamine acid phosphate. Al- 
though the reaction was some larger in each of the three groups, there were no 
essential differences. 

From these observations it appears that the cutaneous reaction in white 
rats for 1:1,000 histamine acid phosphate with skin prick and intradermal in- 
jections is not influenced by the amount of fat ingested in the diet. 


We are indebted to Mrs. Susan Gower Smith for supplying the diets used and for many 
valuable suggestions. 
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THE RELATIONSHIP BETWEEN PLASMA PROTEINS AND 
ERYTHROCYTE SEDIMENTATION RATES IN CHRONIC 
ATROPHIC ARTHRITIS* 


RoLAND Davison, M.D., Tucson, Ariz. 


With THE TECHNICAL ASSISTANCE OF MILDRED Woo..LeEy, M.A., AND 
ELEANOR Donovan, B.A. 


O UNIFORMITY of opinion exists regarding the factors which are respon- 
N sible for the increased erythrocyte sedimentation rates observed so fre- 
quently in atrophie arthritis. Some investigators conclude that increases in 
erythrocyte sedimentation result from quantitative changes in the plasma pro- 
teins, while others contend there is no causal relationship between the erythro- 
cyte sedimentation rate and the plasma protein concentrations. Patients having 
atrophic arthritis often show striking clinical improvement following whole 
blood transfusions with lowering of the sedimentation rate. If changes in sedi- 
mentation are quantitatively related to changes in plasma protein concentration, 
the lowered sedimentation rates observed following transfusion should be re- 
fleeted in plasma protein estimations. 

The investigations here reported were made in the hope of contributing 
information which might help in the solution of this problem. 


MATERIAL 


The investigations were made on patients who were under observation in 
the Desert Sanatorium, Tueson. The report covers only studies made on pa- 
tients having a clinical diagnosis of chronie atrophie (chronic infectious) arthri- 
tis. Patients having mixed arthritis or hypertrophic arthritis are exeluded. 
The ages of the patients range from 20 years to 71 years, and the duration of the 
arthritis from 2 years to 40 years. In addition to the patients presenting 
‘‘aetive’’ arthritis, observations made on & patients, who had previously had 
atrophie arthritis but who were clinically arrested at the time of observation, 
are presented. 

METHODS 


Blood was withdrawn from patients by venepuncture, in every instance be- 
fore breakfast, great care being taken to avoid venous stasis... From the speci- 
mens thus obtained the following estimations were made: complete blood count 
(including erythrocytes, hemoglobin determination, total leucocytes, differential 
count, and Schilling hemogram) ; sedimentation rate; plasma albumin, globulin 
and fibrinogen; albumin-globulin ratio; and total proteins. The Wintrobe 

*From the Desert Sanatorium, Tucson, Ariz. 
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method? was used for hemoglobin determinations. Sedimentation rates were 
determined by the Westergren method. Three per cent sodium citrate was used 
as the anticoagulant in the proportion of 0.25 ce. to 1 ¢.¢. of blood. The 
observations were begun shortly after the blood was withdrawn, and the tubes 
were mounted in a rack having a gauge to insure their being vertical. No cor- 
rection was made for cell volume or temperature. The recorded rate shows the 
amount of sedimentation that occurred in one hour. 

The separation of blood cells from plasma (or sedimentation) is apparently 
dependent on rouleaux formation. In normal or slowly sedimenting bloods, each 
rouleau contains few erythrocytes, and the cell aggregates appear evenly dis- 
tributed. In pathologie bloods showing rapid sedimentation, each rouleau eon- 
tains many corpuscles, and the rouleaux are clustered together leaving large 
areas of free plasma between them. The sedimentation rate is directly propor- 
tional to the size of the cell aggregates or rouleaux. Sinee sedimentation de- 
pends on the size of the rouleaux and not upon the total volume of cells present, 
there is no need for cell volume correction. Anemia per se has a negligible 
effect on the rate of settling of the erythrocytes.*\* Cell volume may affect 
readings made during the packing stage, but with Westergren tubes of 200 mm. 
length the sedimentation phase is rarely complete in one hour,’ at which time 
readings were made in these studies. Although all observers agree that the tem- 
perature of the room or the receptacle influences the sedimentation rate, and 
great differences in rates are observed when readings are made at temperatures 
of 10°, 23°, and 37° C,° Wintrobe? showed mean variations of only 3 mm. 
when readings are made at temperatures between 20° and 26° C. Summer tem- 
peratures in Tueson frequently reach 37° C., and oceasionally 40° C. It has, 
therefore, been necessary in some of our studies to create artificial cooling. The 
observations here reported were made at temperatures between 20° and 24° C. 

Plasma proteins were estimated by the Wu and Linn* colorimetrie method. 
Duplicate determinations were made frequently to insure accuracy of the results. 


TABLE I 


NORMAL CONTROLS 


A.-G. TOTAL 
RATIO PROTEINS 


} 
i 


Table I shows the results in normal controls. The data include sex, sedi- 
mentation rate, plasma fibrinogen, albumin, globulin, albumin-globulin ratio, and 
total proteins. These figures agree with normals reported by Salvesen.° 
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RESULTS 


Table II shows the results in active, moderately severe to severe atrophic 
arthritis. The data include sex, duration of arthritic symptoms, clinical activity 
graded 1 to 4, sedimentation rate, plasma fibrinogen, albumin, globulin, albumin- 





DAVISON: PLASMA PROTEINS IN CHRONIC ATROPHIC ARTHRITIS 937 


elobulin ratio, and total proteins. To facilitate study of the table, the highest 
sedimentation rate observed is recorded at the top and progressively diminish- 
ing sedimentation rates follow. 

TABLE II 


CLINICALLY AcTIVE ATROPHIC ARTHRITIS 
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Fibrinogen: While fibrinogen increase is observed in the majority of these 
patients and high sedimentation rates are frequently accompanied by high plasma 
‘fibrinogen content, there are numerous exceptions to the rule, and some of the 
highest sedimentation rates are observed in bloods which show relatively little 
nerease in fibrinogen. In some rapidly settling bloods no increase in fibrinogen 
s observed, whereas, considerable fibrinogen increase is observed in bloods show- 
ng only moderately increased sedimentation. 
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Albumin: In only 6 patients are the albumin coneentrations below normal 
levels. Four of these 6 patients showed normal albumin values at other exami- 
nations. The group as a whole shows no tendency to hypoalbuminemia, and no 
relationship is evident between plasma albumin concentration and sedimenta- 
tion rate. 

Globulin: Of the 43 globulin estimations recorded, 24 are above average 
normals. The globulin increase is always proportional to the inerease in sedi- 
mentation rate. 

Albumin-Globulin Ratio: Due to the apparent increase in globulin, a re- 
duced albumin-globulin ratio is the most constant finding in these studies, but 
no relationship to the sedimentation rates is demonstrated. Some of the lowest 
ratios observed accompany relatively low sedimentation rates. Albumin-globu- 
lin ratios will be discussed later. 

Total Proteins: Total protein concentration is below normal in only two 
patients. There is no evident relationship between total protein concentration 
and sedimentation rate. 

Tables III to VIII, inelusive, show a chronologic record of blood counts, 
sedimentation rates, and repeated protein estimations in individual patients who 
had reeeived blood transfusions. All these patients had clinically active grade 4 
atrophie arthritis with multiple joint involvement. 

Patient D-15 (Table III) shows great reduction in sedimentation rate fol- 
lowing repeated small transfusions after long-continued high rates and failure 
to improve clinically on other therapeutic measures. No change in plasma pro- 
tein percentages or in their proportion to each other accompanied the fall in 
sedimentation rate. Although the sedimentation rate inereased again, the in- 
crease Was accompanied by a reduction in fibrinogen and normal plasma protein 
relationships (October 4); a definitely lower sedimentation rate (November 4) 
was accompanied by an increase in both fibrinogen and globulin. 

Patient E-16 (Table IV) definitely shows improvement in plasma protein 
relations accompanying lowered sedimentation rates. Although plasma proteins 
were normal at the last examination, the patient at that time showed definite 
evidence of clinical activity. 

Patient K-27 (Table V) was observed for three months before transfusion 
was given. During that period he failed to make any clinical improvement. Fol- 
lowing two transfusions, on June 23 and on June 28, clinical improvement was 
definite and sedimentation rate was redueed. Low fibrinogen and globulin per- 
centages accompanied a high sedimentation rate. A greatly reduced sedimenta- 
‘ion rate (September 20) accompanied increased globulin and diminished al- 
bumin with practically no change in fibrinogen percentage. The same total 
protein concentration was observed with sedimentation rates showing great 
variation. 

Patient J-55 (Table VI) shows only a slight reduction in sedimentation rate 
accompanied by a relatively great reduction in plasma fibrinogen following two 
hlood transfusions. Definite lowering of the albumin-globulin ratio was ob- 
served with the highest sedimentation rate. A lower sedimentation rate (Sep- 
tember 30) was accompanied by reversal of the albumin-globulin ratio. The 
sedimentation rate observed on October 14 is still high, though the albumin- 
globulin ratio has returned to normal. 











“6E6T ‘€2 “QAq uo poullojiod sem AULOZDAT[ISUO, 
"6E6T ‘SZ YOURIN ' 6S6T ‘OT UOUPIN S6E6T ‘6 “GAT * 6E6T ‘8 “Ged *6E6T ‘97 “URE :6E6T ‘OZ “URL sSUOISNjJsuBI] Pool 






















































































CS €IL 90°8 eT Sts SCF FL°0 S/F 
¥c Ol 64/F1T/8/0 009°¢ OCT 000°E 8e'8 CLT #0'E re"s £9°0 LI/é 
= 0G Lit 9¢/L/1/0 ocs’c Ssl OFF [I's GS o's L£L°¢ cc’0 LI/I 
Z 6E6L 
= "WW : ; 
— . yard . *weEe sar "Ir M . r Me rf 4 : 
= 09 aLVu (ONTTHHOS ) 2 4 “sm no negara — poe . NITAGO19 NIWOAWIV |NADONINGIA aLVa 
~ “dWaL ‘das SATIHdOWLAAN “dH °° ‘a *U IVLOL )-°V 
Ca ™ => | 
= AM Jee 
: S4IGOLS GaALyaday 
5 IITA SIV, 
° 7. 

<< 
+ “SUOISNJSUBI] POOlds 
= 02 g¢ 68/8/0/0 ool’ tI Ot 80°8 ce'| 9l'e a6 CFO #2/T 
P| £3 69 8t/61/0/0 009'F OLT oce'¢ 629 86% sc'r IL’ 1r'0 el/al 
g GG c9 6£/02/0/0 006'L tI OFZS oa'9 col Les cst 6¢°0 OL/IL 
= Go #8 ct/1/0/0 OOL*S ot O98’ F OFS cé'l FSS ge" €£9°0 FI/OL 
ol «OL/01 
te «P/0L 
ie €3 co 1¢/0/0/0 ocge’e FST OSO'F cI's eal €9°¢ 6 F ogo 08/6 
w= «lc/6 
=< , 
7, #00/6 
= cor c9/T/0/0 | 008’ F €T OSC’ oc'8 gc'T 09°E oo'F 99°0 91/6 
} SE6I 
iam “WIN | | 
ea : ONIT 3) | “Wi | SNOITIIW SNIDLOU OLLY? 
= 3 | ALY? ears HOS) ‘Oo “a *M ws ro oe - orig NITNG019 =| NINOAIV |NADONINAIA aLvd 
= dWAL ‘das SHMIUHdOULAAN | “dH | oO ‘a 3 IVLOL )-"V 


























RIN ‘oc-f yuened 


SdIdALg daLvaday 





ITA Wav 











DAVISON: PLASMA PROTEINS IN CHRONIC ATROPHIC ARTHRITIS 943 


A relatively high plasma fibrinogen and globulin with a low albumin-globulin 
ratio accompanied a rapid sedimentation rate in patient J-56 (Table VII). Two 
weeks later, after two blood transfusions, a reduction in fibrinogen was observed 
with a considerable lowering of the sedimentation rate. The albumin and globu- 
lin fractions and the total proteins remained unchanged. A comparison of plasma 
protein determinations made on September 30 and November 10, demonstrates 
the great differences which may occur in total protein, fibrinogen, and the 
albumin-globulin factors with identical sedimentation rates. Although the sedi- 
mentation rates observed on September 30 and November 10 are identical, the 
plasma fibrinogen, the albumin and globulin factors, and the total proteins are all 
lower on the latter date. 

Table VIII shows repeated estimations of plasma proteins in a patient 
whose sedimentation rate remained practically unchanged. The record shows 
only the sedimentation rates done at the times the plasma proteins were esti- 
mated. Additional observations of the sedimentation rate made at frequent 
intervals between the dates shown in the record varied only a few millimeters 
from those shown here. Four transfusions at intervals of approximately one 
week failed to reduce the sedimentation rate materially, though the patient’s 
temperature was brought to normal levels and she was clinically improved. 
Badly infected tonsils, showing a nearly pure culture of an alpha streptococeus, 
were removed on February 23. With sedimentation rates at the same level, 
fibrinogen increase was observed following the transfusions. The globulin in- 
ereased slightly, though the total proteins remained constant. Transfusions were 
done again on March 20 and on Mareh 25. When the sedimentation rate and 
plasma proteins were again studied on April 18, further increase in fibrinogen 
appeared, the globulin showed increase, and there was a reduction in the albumin 
concentration. A progressive fall in the albumin-globulin ratio was demon- 
strated while erythrocyte sedimentation remained constant. 


TABLE IX 


CLINICALLY ARRESTED ATROPHIC ARTHRITIS 
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Table IX shows that even years after quiescence of the arthritic process 
and relatively low sedimentation rates, there often remains some increase in the 
plasma fibrinogen content and a disturbance in plasma protein relationships. 


DISCUSSION 


It is evident from many studies made that some change in the plasma is 
responsible for acceleration of the erythrocyte sedimentation rate. When the 
erythrocytes of a rapidly settling blood are separated from the plasma in which 
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they are contained and are resuspended in the plasma of a slowly settling blood, 
they settle slowly.’ Erythroeytes suspended in a pure albumin solution settle 
very slowly; when they are suspended in a pure globulin solution, they settle 
rapidly; in a solution of fibrinogen, they settle very rapidly..°. When albumin 
is added to a globulin solution, the sedimentation of erythrocytes suspended in 
it is not altered, whereas the addition of fibrinogen definitely accelerates sedi- 
mentation. When the concentration of globulin is inereased, the sedimentation 
rate is increased, though the sedimentation rate increases more rapidly than the 
increase in globulin concentration.‘' Some investigators!” '*-'* consider fibrino- 
gen the most important factor influencing the sedimentation rate, and Ernstene"™ 
observed definite parallelism between the plasma fibrinogen concentration and 
the sedimentation rate in rheumatic fever. Others'*-'® find no definite parallel- 
ism between fibrinogen percentage and sedimentation rates. In atrophie arthritis 
divergent opinions have been expressed. Davis?’ reports increase in fibrinogen 
and globulin proportional to the increase in sedimentation rate, but Aldred- 
Brown and Munro” find no parallelism between sedimentation rate and either 
plasma globulin content, albumin percentage, albumin-globulin ratio, or total 
proteins. 

There is considerable doubt whether serum albumin and globulin can be 
regarded as chemical entities?’ ** or whether separation of the plasma protein 
into distinct fractions is possible." ** That portion of the protein which is pre- 
cipitated by 50 per cent saturation with ammonium chloride is usually consid- 
ered to represent the globulin fraction. Roehe, Dorier, and Samuel** find that 
higher saturation may be necessary to precipitate the globulin from normal sera, 
and that certain pathologie plasmas have characteristies which make separation 
of the albumin and globulin impossible.“ Modification in the molecular econ- 
stitution of blood protein has been demonstrated in the earcinoma,?” whieh also 
is characterized by a great increase in erythrocyte sedimentation, and in other 
pathologie states. Tiffeneau and Gysin** find that sedimentation rate depends 
on the size of plasma protein molecules whieh Svedberg?? has shown are capable 
of change in their molecular size. When so much uncertainty exists regarding 
the separation of plasma protein into distinct fractions, albumin-globulin ratios 
ean have but little, if any, significance. Change in the composition or size of 
the protein molecules in the plasma of persons with arthritis may aecount for 
the divergent results obtained by different workers attempting to explain changes 
in erythrocyte sedimentation rates on the basis of quantitative change in plasma 
protein fractions separated by chemical methods. 

Cholesterol and the phosphatides may play some part in modifying the 
effects of the plasma proteins on erythroeyte sedimentation. We made attempts 
to relate cholesterol content to the observed discrepancies between plasma_ pro- 
teins and sedimentation rates without success. 


SUMMARY AND CONCLUSION 


1. Parallel studies of erythrocyte sedimentation and plasma proteins in 
patients having atrophic arthritis fail to demonstrate any constant relationship 
between the sedimentation rate and the percentage concentration of the plasma 


proteins. 
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2. Repeated small whole blood transfusions are frequently followed by redue- 


tion in sedimentation rate without improvement in plasma protein relationships. 


3. The possible reasons for failure to establish quantitative relationship 


between plasma protein concentration and sedimentation rate are discussed. 


—_ 
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THE SIGNIFICANCE OF URINARY CHLORIDES IN CASES OF 
PNEUMONIA TREATED WITH SULFAPYRIDINE* 


Witt SomE REMARKS ON THE SECONDARY TEMPERATURE Rise 


WintiaAm Antororn, M.D., AND JAcon CuureG, M.D., Newark, N. J. 


N 1850 Redtenbacher? reported the diminution of urinary chlorides in the 
course of pneumonia. Since that time considerable literature has aceumnu- 
lated dealing with the pathogenesis and significance of this retention of chloride. 
The urinary chlorides reach exaggerated low levels just prior to the crisis, with 
the lowest level occurring at the time of the erisis. One to three days later, how- 
ever, it rises abruptly? to supranormal values, to return subsequently to normal. 
As it had been reported that sulfapyridine does not produce all the 
changes encountered at the spontaneous crisis,’ it was decided to investigate the 
chloride metabolism in persons with pneumonia who received sulfapyridine, 
with the view of correlating the chloride output with either clinical improve- 
ment, or a possible clinically undetectable ‘‘masked erisis.’’ For this purpose, 
the chloride content of the twenty-four-hour urinary specimens was determined 
daily for the entire period of the hospital stay in 17 persons with pneumococcus 
pneumonia. Of these, 11 were definable as definite cases of lobar consolidation 
by x-ray studies. The remaining 6 eases were probably also lobar pneumonia, 
even though the clinical evidence was not sufficiently conclusive to classify them 
as such. It was found that the chlorides began to rise on the sixth to the four- 
teenth day of the illness, and from the third to the seventh day after the initia- 
tion of sulfapyridine therapy (Table I). In almost every case the summit of 
the chloride output was reached the day following the initial chloride rise, or, 
in rare cases, two days later. 

Because this chloride rise started after a fairly constant interval of two to 
six days, with the majority four to five days following the temperature drop, 
one must consider a possible relationship between the chloride output 
and the defervescence, even though this interval was longer than that usually 
found in untreated persons with pneumonia. This is further suggested by thi 
findings of oliguria and hypochloruria in rabbits‘ after sulfapyridine, a fact 


‘ > 


‘ ee 
Crisis 


which might account for the additional delay in chloride response after defer- 
vescence. It is to be noted in Table I that in those instances in which sulfa- 
pyridine was instituted early in the disease, the rise in the urinary chloride 
oceurred at an earlier period in the course of the disease than in those in which 
it was used at a later period. If the time of chloride excretion was not altered 
by sulfapyridine, one would expect an inverse relationship between the time 0! 
chloride excretion and the duration of the disease when therapy was instituted 
*From the Division of Laboratories, Newark Beth Israel Hospital, Newark. 
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the interval between therapy and chloride excretion would be greater in the 
persons treated earlier and shorter in the persons treated later in the course of 
the disease. 

Beeause of these considerations, it appears that the mechanism responsible 
for chloride exeretion is similar in both the spontaneously and the chemothera- 
peutieally induced crisis, despite persistence of the physical signs and x-ray 
findings in the latter. 
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Chart 1. 


It is noteworthy to single out the chloride response in persons with see- 
ndary complicating infections, in which the primary pulmonary pathology has 
wen arrested, as well as in persons with relapse. 

Case I With Relapse (Chart 1).—In a ease of type IX pneumocoecus pneu- 
‘ionia with relapse, the urinary chlorides rose on the tenth day of illness, but 
ivopped again on the twelfth day. This drop continued till the seventeenth 
lay, when it started rising, returning to a normal level on the nineteenth day 

illness. During the period of the secondary drop in the chlorides, the patient’s 
mplaints reeurred, bloody sputum containing the type TX pneumococecus again 
peared, and the fever returned. With the second urinary chloride rise, how- 
er, the clinical condition improved and the temperature fell and remained 
ormal, 
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Case I] With Slow Improvement (Chart 2).—In a ease of protracted pneu- 
monia in which the sputum contained a type XI and type NVI pneumococcus, 
there was a question of independent acute sinusitis. Because of the low chloride, 
no operative interference was resorted to. The patient began to improve, insofar 
as pulmonary complaints were concerned, just prior to the rise in chlorides on 
the twenty-second day of illness, despite the fact that the sinus condition re- 
mained stationary. 

Case II] With Extrapulmonary Complication (Chart 3).—In another ease 
of a 2-year-old child the urinary output varied from 0.2 Gm. to 1 Gm, per 
day. <A secondary rise in fever occurred on the sixteenth day of illness, despite 
the faet that the chlorides had risen to 3 Gm. per day on the fourteenth day of 
illness, and remained elevated above 2 Gm. thereafter. Since we have found in 
our cases that the urinary chloride exeretion in children under 5 years usually 
did not rise much above 2 to 3 Gm., this was considered a normal urinary ehlo- 
ride response and, accordingly, another cause for the reerudescence of fever was 
sought for, and an acute purulent mastoiditis was found. The patient recoy- 
ered promptly after mastoidectomy. 









































TABLE I 
| SULFAPYRIDINE RISE IN URINARY SECONDARY RISE 
THERAPY CHLORIDES OF T.° 
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SECONDARY TEMPERATURE RISE 


Thirteen of our patients had a secondary temperature rise varying from 
99.7° F. to 103.0° F. after initial defervescence. Five of these occurred on th: 
seventh day of illness, 3 on the ninth, 2 on the eighth, and 1 each on the eleventh, 
thirteenth, and fifteenth (Table I). It was found that sulfapyridine did no’ 
influence this secondary rise. This experience is similar to that of Flippin and 
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his ecollaborators.° In 4 of these patients the secondary rise of temperature 
occurred simultaneously with the rise in urinary chloride, and in 3 patients, one, 
two, and three days prior to this rise. From the sequential position of these 
phenomena it might be assumed that there is an apparent relationship between 
the secondary temperature rise and the urinary chloride increase, corresponding 
with the ‘‘erisis-urinary chloride events,’’ occurring in untreated patients with 
pneumonia ; and that the secondary temperature rise could very well correspond 
with the precritical hyperpyrexia occurring just prior to the erisis. However, 
we have found*t that administration of sulfapyridine to normal rabbits may be 
followed oceasionally by a secondary fever three to four days after the drug 
has been discontinued: a finding which must also be entertained as a possible 
explanation which might aceount for the secondary temperature rise in the 
human cases. 
SUMMARY AND CONCLUSIONS 


1. The urinary chloride rise in 17 persons with pneumonia treated with 
sulfapyridine occurred two to six days after deferveseence, with the great major- 
ity occurring on the fourth or fifth day. 

2. The rise is apparently related to a mechanism similar to that occurring 
after the spontaneous crisis in pneumonia. 

3. The rise is uninfiueneed by extrapulmonary complications. 

4. In 13 of these patients there was a secondary temperature rise after 
defervescence. This occurred between the day of the increased urinary chloride 
output and three days before this rise. 

5. This secondary rise in temperature is not influenced by sulfapyridine 
and may be either a ‘‘erisis effect,’’ or a delayed reaction to sulfapyridine. 
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CHICKENPOX FOLLOWING CONTACT WITH HERPES ZOSTER* 


Report oF Two Minor EpipemMics 


Maurice L. Buarr, M.D., Mary Zetpes, M.D., ann ALBertT F. Stein, M.D. 
CHicago, IL. 


CLINICAL syndrome resembling chickenpox occurred in several patients 
under our observation at the Children’s Division of the Cook County Tos- 
pital during the past vear. 


The original source of the virus in one instance apparently was a bedridden child, 
M. B., in the tuberculous ward. This child was transferred from the oral surgery ward on 
Mareh 4, 1938, with a diagnosis of tuberculous osteomyelitis of the mandible. His only 
contacts on the tuberculous ward were with nurses, attendants, medical personnel, and other 
patients in his own six-bed room. No visitors were allowed. None of his contacts were 
known to have had chickenpox or herpes zoster. 

On May 27, 1938, eleven weeks after his admission to the ward, he developed two 
patches of vesicles at the same thoracic-segment level of the chest. One patch was just 
below the left nipple and the other patch was immediately to the left of the fourth thoracic 
vertebra. The patches were 3.5 em. in diameter and consisted of from eight to ten pinhead 
to small pea-sized vesicles containing a clear fluid. Between these patches, following the 
course of the intercostal nerve, were two fresh single vesicles on a slightly elevated erythem- 
atous base. The posterior patch had been scratched and denuded. There were no con- 
stitutional symptoms. <A diagnosis of herpes zoster was made; it Was confirmed by the 
division of dermatology and the division of contagious diseases. 

On June 9, 1938, thirteen days after the eruption of herpes in M. B., the second child, 
L.. J., who had been in this same room for one year prior to the admission of the child 
with herpes, developed vesicles on the face and back. This child had Pott’s disease of 
the lower thoracie vertebrae and had been on a Bradford frame since June, 1937. With 
the exception of being taken to the x-ray department on the day before he developed his 
eruption, he had had no exposure other than to the personnel in attendance on his ward. 
Shortly after the first vesicles were noted on the back and face, papulovesicular lesions 
appeared on the chest and extremities. On advice of a consulting physician from the con- 
‘agious division, he was transferred with the diagnosis of chickenpox. By June 21, twelve 
days later, the last crust had disappeared, leaving only a few sears, and the child was 
transferred back to the tuberculous ward. 

A secondary case of chickenpox occurred in a patient, R. V., who had been admitted 
‘o the adjacent room on June 4, 1938, five days prior to the onset of chickenpox in L. J. 
‘his child had not had chickenpox previously, nor had she had any recent contact with 

mtagious diseases. As in the other rooms on this ward, no visitors were allowed at any 
me. On June 25, 1938, twenty-one days after her entrance in the hospital and sixteen 
ys after L. J. had developed his lesions, R. V. developed a universally disseminated erup- 
on that passed through the papular, vesicular, and later the erusting stages. She was 
ansferred to the contagious division as a case of chickenpox. There were no further cases. 

In the second episode the source of the virus could be traced to a nurse who had 

rpes zoster. The nurse, who had had chickenpox in childhood, developed an eruption 





*From the Children’s Division of Cook County Hospital, Chicago. 
Received for publication, September 11, 1939. 
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at the upper and lower edge of the left breast and over the left scapula on Oct. 11, 1988. 
The lesions were pinhead-sized vesicles on an elevated erythematous base, and were accom 
panied by moderate deep pain on the day of onset. Her temperature varied between 98° F. 
and 99° F. A week after the onset she was referred to a dermatologic consultant, who 
made a diagnosis of herpes zoster. 

Two children exposed to this nurse developed chickenpox-like lesions within eighteen 
and fourteen days, respectively. 

The first child, B. M., was admitted to the hospital Oct. 12, 1938, with a diagnosis of 
lead encephalitis. She had not had chickenpox, and her parents stated that she had not 
had any exposure to contagious diseases. She was a bedridden patient in a six-bed room, 
and was not allowed to have visitors. The nurse who had developed the herpetic eruption 
on October 11, was on duty in her room. On October 30, eighteen days later, B. M. de- 
veloped a generalized papulovesicular eruption. It was diagnosed as chickenpox and the 
diagnosis was confirmed by a consultant from the contagious division, to which she was 
immediately transferred. None of the children exposed developed chickenpox. 

E. D., the second child who developed chickenpox after exposure to this same nurse, 
was on the same floor as patient B. M., but at the opposite end of the hall. He had been 
in the hospital for one month with severe bacillary dysentery, and was isolated in a room 
with other dysentery patients. On October 18 the nurse with herpes zoster was transferred 
for duty to the dysentery ward. On November 1, fourteen days after the nurse had been 
transferred to his room, E. D., who was now convalescent and awaiting release stool cultures, 
developed a temperature of 100° F. and soon after was noted to have a varicelliform erup 
tion on the body. A consultant from the contagious division confirmed the diagnosis of 
chickenpox, and the child was transferred to that division, It is interesting to note that 
this child also developed scarlet fever two days after his transfer to the contagious hospital. 


In each of these episodes, after chickenpox was diagnosed and the patients 
were transferred to the contagious hospital, the exposed rooms were closed and 
placed under isolation technique. The tuberculous ward, where the first episode 
occurred, has an occupancy at all times of approximately 60 patients from six 
months to thirteen years of age; half of these patients are ambulatory. The 
medical ward, where the second episode occurred, has an occupancy of 75 to 80 
patients, ranging in age from a few days to thirteen years; all are confined to 
bed. It is a striking observation that in each episode, in spite of the large num- 
ber of children in contact with herpes zoster and the secondary eruptions result- 
ing therefrom, only four cases designated as chickenpox occurred. In eontrast 
with the lack of wide dissemination following exposure to herpes zoster and the 
resulting secondary eruptions, chickenpox epidemics are usually widespread in 
institutions following exposure to a single ease. In these cases, as in chickenpox, 
the varicelliform eruption appeared from thirteen to twenty-one days after expo- 
sure to known eases of herpes zoster. This, together with the fact that three of the 
patients had been under observation in the hospital for more than a month with 
no visitors, would indicate that the relationship between herpes zoster and 
chickenpox is more than a mere coincidence. 


HISTORICAL 


Numerous eases of varicella following exposure to herpes zoster have been 
reported. French and British physicians have deseribed many such incidences 
and a number have appeared in American literature. 

Von Bokay' in 1892 in Budapest first called attention to the apparent rela 
tionship of these two diseases. In 1909? he reported further cases substantiat 
ing his original observation. He stated that children were most frequentl) 
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affected; and that the disease appeared usually after an ineubation period of 
fourteen to twenty days, the accepted incubation period of chickenpox. He, 
together with Netter, contributed to the monistic theory which proposes that 
one virus causes both diseases, but that there occurs a mutation in the virus; 
first, in regard to its infectivity (high in varicella, low in herpes zoster) and 
secondly, in relation to its tissue affinity. In the ease of herpes zoster the virus 
shows a pronounced neurotropism; in varicella, dermotropism. Comby,*® on 
the other hand, adhered to a dualistic theory ; he thought the two diseases were 
caused by different viruses. 

Considerable experimental work has been carried on in an effort to estab- 
lish the relationship between these two diseases. Netter and Urbain* ° demon- 
strated by the complement fixation test that the sera of patients with herpes 
zoster and varicella contain identical antibodies. They used an antigen con- 
sisting of a saline extract of the crusts from the lesions. Moreover, they showed 
that antibodies to varicella are equally present in the serum of symptomatic 
zoster, such as follows ingestion of arsenic, mereury, or bismuth. In 1928 Netter® 
collected 174 examples of chickenpox contracted in this manner in Franee. He 
found the ineubation period was from seven to twenty-four days, with more 
than half falling between thirteen and sixteen days. He also collected 25 cases 
of herpes zoster following chickenpox and found the same incubation period. 

Lipsehutz and Kundratitz’:* inoculated infants with herpes zoster fluid 
and found that some developed local reactions and others developed a general- 
ized varicelliform eruption. They also found that children in contact with 
positive reactors to the herpes zoster inoculations developed chickenpox. Fur- 
ther, they noted that children who had recovered from varicella proved immune 
to inoculations of herpes zoster fluid; and children who had recovered from 
natural or experimental herpes zoster were immune to varicella fluid. Finally, 
they found that serum of patients convalescing from herpes zoster could be 
administered as a protection against varicella, and that varicella and experi- 
mental herpes zoster had the same incubation period. 

Kundratitz’s experiments were repeated and confirmed by Bruusgaard,® 
although Lauda and Silberstern'® did not agree with their results. Bruusgaard 
noted that the general exanthem following inoculation with zoster fluid was 
morphologically and histologically indistinguishable from varicella. Only ehil- 
dren under five years of age proved susceptible. His cases simulated true 
varicella in every respect. He noted, however, that the fever was low, seldom 
over 100.4° F. to 101.3° F., and that the vesicles showed quick desiccation. 

Paschen" reported the finding of elementary corpuscles similar to those of 
varicella and vaccinia in the blister fluid. Suspensions of these corpuscles were 
specifically agglutinated by the sera of herpes zoster convalescents. Amies,!? 
ollowing this work, showed that elementary bodies morphologically similar to 
‘hose found in varicella were constantly present in vesicle fluid of herpes zoster. 
lis attempts to demonstrate the relationship by cross-agglutination tests met 
vith a fair measure of success. 

Brain" confirmed the complement fixation experiments of Netter and Urbain, 

sing antigen from herpes zoster and varicella vesicle fluid instead of extracts 
of the erusts. 
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Goldberg and Frances'* in 1918 reported three cases of simultaneous 
chickenpox and herpes zoster at the Cook County Hospital. 

Goldsmith,’ in reviewing the subject, stated that persons develop varicella 
following exposure to herpes zoster ten times more frequently than do persons 
develop herpes zoster following exposure to varicella. He also stated that Can- 
tor,’ '® in 20 years’ work on an island in the Pacific, saw many cases of herpes 
zoster but had never seen one case of chickenpox. Storen'® in Norway had a 
similar experience; he had never seen varicella although he had seen cases of 
herpes zoster. 

DISCUSSION 


A review of the literature still leaves one in doubt as to whether the virus 
of the two diseases is identical or whether it is two separate entities. Varicella 
results in a more or less permanent immunity to itself. It is not unusual for 
individuals who have had varicella to contract herpes zoster subsequently, though 
herpes zoster is relatively an uncommon disease. In our experience chickenpox 
following exposure to herpes zoster has been infrequent. We have observed 
several epidemies of chickenpox in the Children’s Division, and in eaeh in- 
stance the number of individuals secondarily infected was numerous; it has 
been one of the most difficult contagious diseases to control. On the other hand, 
herpes zoster has appeared in a number of patients in the wards without being 
followed by other cases of herpes zoster or of chickenpox. 

CONCLUSIONS 

1. Two minor epidemics of chickenpox following herpes zoster are reported. 

2. These episodes differ from the usual chickenpox epidemics in that so 
few secondary eases occurred among so many children exposed. It would 
seem that chickenpox follows exposure to herpes zoster in comparatively few 
instances. On the other hand, exposure to chickenpox has usually been fol- 
lowed by an epidemie in our institution. 
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ON THE PROBLEM OF DIARRHEAS OF CHILDHOOD: A STUDY OF 543 
ATTACKS IN CHILDREN AT BEIRUT, SYRIA* 
J. LEONARD Moore, M.D., AND E. WesTERVELT DENNIs, M.A., Pu.D. 
Beirut, SYRIA 


INTRODUCTION 


HE term ‘‘diarrhea’’ is used in this paper as meaning ‘‘abnormal fre- 

quency and liquidity of fecal discharges (Ilippocrates),’’' and without 
any connotation pertaining to etiology, severity, prognosis, or presence or 
absence of blood or mucus. It is now generally believed that diarrheas, which 
are characterized by blood, pus, and mucus in the stools, with accompanying 
toxemia, are usually due to infection with one or more species of micro- 
organisms whose pathogenicity has been established by conventional criteria. 
Diarrheas which are not characterized by the presence of blood in the stools 
and by toxemia have, however, been given less attention, and considerably 
less respect, because of their relative mildness and because it has frequently 
heen impossible to isolate or identify any of the organisms which have been 
convicted as pathogens. 

The series of cases discussed here represents typical sporadic diarrheas, 
about which little is known as compared with those which have been observed 
in epidemic form. The purpose of this paper is to present the results of a 
carefully made survey of the microbial flora and fauna, with consideration of 
the clinical aspects of the cases concerned. The laboratory data are pre- 
sented as a basis for the clinical discussion and for such intrinsie value as a 
veneral knowledge of the organisms likely to be encountered in analogous 
ases may have. Between October, 1933, and June 30, 1936, 543 attacks of 
liarrhea which affected 490 patients were studied.t Many of the children 

nder observation had more than one attack of diarrhea during the period 
! study, so that the number of attacks recorded is greater than the number 


*From the Department of Pediatrics and the Department of Bacteriology and Parasit- 
‘gy, School of Medicine of the American University of Beirut, Beirut, Lebanon (Syria). 
Received for publication, April 22, 1939. 
+The university hospital and clinics were closed from July 1 to October 1 for each of 
years included in the study, and cases which occurred in the city during midsummer did 
t come within the scope of this study. 
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relapses, when the time between attacks was eight weeks or more; but most 
of the multiple attacks occurred at intervals of several months. Data pertain- 
ing to number of cases and number of attacks in relation to age and sex are 
given in Tables I and II. 

TABLE I 


ToTAL CASES AND TOTAL NUMBER OF ATTACKS ACCORDING TO AGE GROUPS 


0-12 Mo. 13-24 Mo. 2-5 YR. 6-12 YR. TOTAL 
~ No. attacks 7 208 ~ 183 7 wo 3 — — 
No. cases 193 160 95 42 190) 


TABLE II 


SEX DISTRIBUTION OF 545 ATTACKS 


0-12 MO. 13-24 Mo. 2-5 YR. 6-12 ¥1 TOTAL 

Attacks 

Female 81 71 3 15 198 

Male 27 112 78 28 345 

Total 208 185 109 3 545 
Cases 

Female 7a 62 26 15 176 

Male 119 98 69 27 313 

Total 192 160 95 12 489 


Approximately 50 per cent of the patients were not seen until after the 
fifth day of illness, and 11 per cent were not seen until after three or more 


‘ 


weeks of illness. The patients examined by the laboratory were ‘‘unselected”’ 
in that no distinction was made on the basis of the type of diarrheal stool 
(1.e., bloody, mucous, or watery). 


The seasonal incidence of the attacks studied is presented in Table IIT. 


TABLE IIL 


SEASONAL INCIDENCE OF ATTACKS 











0-12 Mo 13-24 Mo. 2-5 YR. 6-12 Yr. TOTAL 
October 7 ee 16 7 62 
November 3 42 16 10 102 
December 20 18 17 2 57 
January 14 6 8 5 33 
February 9 6 4 5 24 
March 11 11 7 1 50 
April 17 12 8 1 38 
May 53 42 19 6 120 
June 33 24 14 6 77 

Total” _——  <_ x= unt i 


METHODS OF LABORATORY EXAMINATION 
Stools from hospitalized patients were sent directly to the laboratory in 
special containers. Patients from the Out-Patient Clinie were sent to the labo 
ratory, where the stool specimens were obtained. Rectal swabs were used i 
the case of most infants. All stool specimens were examined at the laborator 


as soon as received. 
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The specimen of diarrheal stool was routinely examined by both bacterio- 
logic and protozoologic methods. The fresh specimen was streaked on bacto endo 
and bacto eosin-methylene blue agar plates. At the same time a portion of the 
specimen was emulsified in saline and examined for protozoa and for pus and 
blood cells. Helminth ova or larvae were reported when observed, but no 
special steps were taken to ascertain their presence. Two smears of each 
specimen were fixed in Schaudinn’s fluid, stained with iron hematoxylin, and 
searched for protozoa. 

The plates were incubated at 37° C. for twenty-four hours. The organ- 
isms present were subsequently identified by their action on differential media 
and by agglutination. The only bacterial species which was ignored was 
Escherichia coli (communis). If an organism could not be immediately identi- 
fied, it was maintained among our stock cultures until opportunity arose for 
further study. Organisms which gave characteristic sugar reaction, but which 
were not agglutinated by specific sera, were reported with reservations (i.e., 
Salmonella-like *‘species,’’ and saved for further study). 


The bacterial nomenclature followed is that of Bergey.* 
RESULTS OF THE SURVEY 


In Table IV are presented the number of times the various organisms 
were reported, their percentage incidence in the 543 attacks, and the number 
of times each organism was the sole finding except for Escherichia coli. The 
table also shows the distribution of the reports according to the ages of the 
patients. Most of the organisms reported occurred so infrequently that they 
‘annot be evaluated, and are not given further consideration in this study. 

Comparison of the data obtained in this survey with reports from other 
areas (Table V) is complicated by the fact that most reports are based upon 
a study of selected material, usually representing that phase of diarrhea 
designated as sa 


ae 


dysentery. Reports on the systematic examination of stools 
of children for both bacteria and protozoa are extremely rare. 

The incidence of Giardia lamblia (15.5 per cent) was higher than that of 
any other species of organisms reported, bacteria included, and was 25 per cent 
vreater than that of the paradysentery group. Of particular interest is the 
age distribution (10 per cent in the first year, 15 per cent in the second year, 
28 per cent in the 2 to 5 year group, and 9 per cent in the 6 to 12 year group) 
when compared with that of Boeck*® for children who did not have diarrhea 
() in the first year, 7.4 per cent for the second year, 18 per cent for the 2 to 5 
year group, and 15.8 per cent for the 6 to 12 year group). The incidence of 
Giardia in hospital patients in Beirut is 5.5 per cent,’* and the incidence in 
children admitted for diseases other than diarrhea is only 7.5 per cent. 

CLASSIFICATION OF DIARRHEA AND OBSERVATIONS IN RELATION TO 
APPEARANCE OF STOOL 

In classifying the cases which have come under observation we have made 
an attempt to dissociate the purely descriptive aspects of types of diarrhea, 
based upon the appearance of the stool, from their clinical connotations, in 
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0-12 Mo. 














REPORTS 








MICKOORGANISM — aaeseN a ———— — ee seein 
|TOTAL soue*|roran SOLE*|TOTAL SOLE*|TOTAL SOLE*|/TOTAL SOLE* 
Shigella dysenteriae - = | 1 - - - | 1 - 2 _ 
Shigella ambigua - ~ 2 2 | ~ ~ - | 2 2 
Shigella paradys- 
enteriae 
Var. Flexner mu 66hditftlhlttlUCUelUmdt lhe 6 | 5 3 | 35 «23 
Var. Hiss Y 7 2 | 5 3 | l ] l ~ 14 6 
Var. Kruse E- 3 1 3 3 | 2 1 ~ Ss 5 
Sonne 
Var. Strong 1 - 3 3 | = ~ - - + 3 
Salmonella paratyphi|  - - |} 1 - | - - | - ~ l - 
Salmonella schott- ~ - | 1 a - - - 1 - 
muelleri 
Salmonella hirsch- 2 1 | ] —- | 1 - ] ] 5 2 
feldii 
Salmonella enteritidis - — | 3 2 1 1 | 2 - 6 3 
Salmonella morgani 10 ) 9 4 | 6 2 | 1 - 26 1] 
Eberthella typhosa - - - - | - =» | l - 1 
Salmonella species 13 9 24 18 10 + | 5) 2 51 ss) 
(?) 
Alealigenes faecalis | R | - 2 1 2 ee 8 2 
Escherichia com- 4 1 | } 2 2 1}; - - | 8 5 
munior 
Proteus vulgaris 2 : 2 - - - | - - | 4 1 
Proteus asiaticus | 8 $ / 11 6 10 5 l - 30 13 
Proteus asiaticus | l eI 3 ] - - | - - 4 2 
var. syriensist | | | 
Klebsiella pneu- 4 3 | 3 2 | 2 1 | - “ 9 6 
moniae (Fried- | 
linder’s bacillus) | 
Streptococcus viri- 1 - | 1 - | os - | a - 2 a 
dans 
Streptococcus faecalis} 21 18 | 14 > | «4 2 | 1 I 41 30 
Unidentified gram- *s sie2--+f 8 3 - - 11 2 
negative bacilli | | 
Endamoeba histo- _ - 2 1 | 9 1 6 rc) se 5 
lytica 
Endamoeba coli } 1 - s 4/n - 7 - | @ 4 
Endolimax nana | - - l - | 2 - 1 - | 4 _ 
Iodamoeba biitschlii | 1 - 2 2] - - | I - | 4 2 
Diendamoeba fra- | - ~ - - | - ~ | ] = l - 
gilis | 
Giardia lamblia | 21 9 28 i¢ | 3 12 t } | 84 40 
Trichomonas hominis 6 l 7 2 | 16 3 3 33 7 
Chilomastix mesnili 7 5 | 5 3 | 14 | 3 ~ | 29 9 
Blastocystis hominis 1 1; 2 - 4 1 - 1 1 5 2 
Yeasts 2 , 3 2 2 2 ~ 1 1 7 4 
Trichuris trichiura 1 - | - - | 1 - - - 2 — 
Ascaris 3 1 1 - | 3 ~ 2 1 10 2 
Taenia saginata - - | - - 5 1 6 1 9 2 
Hymenolepis nana - - ] - | 10 - 4 - 15 - 
Negative except for 103 62 | 24 9 198 
Es. coli communis | 

















PROTOZOOLOGIC 


INCI- 
DENCE 


0.37 


o- 


0. 


1.10 


79 
0.18 
9.40 


0.74 
§.52 
0.74 


.66 





*Columns headed 
dicated was the only significant finding. 
+An organism closely resembling 
serologic differences which are constant. 


Proteus asiaticus but showing 
To be fully described in a separate article. 


eertain cultural 


“sole’’ indicate the number of times reported when the organism in- 


and 
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TABLE V 
COMPARATIVE INCIDENCE OF ORGANISMS REPORTED IN DIARRHEA 


| | 


HALL 



































<| - a | 
or ae Rico 
vi | a .. | s14as 
MICROORGANISM aD | = 
od &- | = 
aa Zz. 
“=~ = S > Zz = | * rt | - 
26 - | &f |2 23] ae|&5 | = 
SH | se | 22 legal és sgiee|2 
fa 1 3S 1 BS Se a | ool es 1 
Shigella dysenteriae 0.37 36 (120| —- | — | lW2] 35 = 
Paradysentery group 11.25 18.45 | 46.0 | 42.5 | 74.5 56.3 | 19.8 7 
Paratyhoid A, B, and © 2.38 - 0.3 | 28) 15 ~ - 
KE. typhosa 0.18 ~ ~ - | = | 23 - - 
S. morgani 1.79 | 7.9 11.0] - 5.7 | 16.0) 1.15 
Late lactose fermenters and 9.4 } ~ - IS.5 - | 2.9 - } = 
Salmonella-like organisms | | 
EK. coli communior 1.47 12.2 - | - _ - - - 
Proteus asiaticus group 6.26 | - - | - 2.8 - - - 
Proteus vulgaris 0.74 | 0.7 | - 22.8 ~ - - ~ 
Alealigenes faecalis 1.47 - 4 - 14.3 - 1.15 Ee - 
E. histolytica 3.23 | 5.75 | 11.0 Sr] - | #4) - 
Giardia lamblia 15.5 . - 17.2 ~ 
Attacks 345 ro 00 71 30 215 S6 125 40) 
*Age group 0-24 mo. 
TABLE VI 
PERCENTAGE INCIDENCE AND DISTRIBUTION OF SPECIES IN TYPES OF DIARRHEA 
PERCENTAGE INCIDENCE | PERCENTAGE DISTRIBUTION 
ORGANISM OF ORGANISMS OF ORGANISMS 
BLOODY | MUCOUS | WATERY | BLOODY | MUCOUS | WATERY. 
Shigella dysenteriae l - 100 ~ 
Shigella ambigua 0S 100 ~ 
Paradysentery group IS 8 10 17 | 32 | 21 
Salmonella paratyphi 0.4 1000 | - 
Sal. hirsehfeldii 0.6 — 3 20 SO 
Sal. enteritidis 2 l 30) 50 - 
Eberthella typhosa ; 0.7 ~ - | 100 
Salmonella species (?) 7 3 5 23 63 | 14 
\lealigenes faecalis 3 0.8 0.7 63 25 12 
Escherichia communior 2 0.8 2 OT 25 37 
Proteus vulgaris I 0S - 0) 50 ~ 
Proteus asiaticus 5 ‘4 1 26 57 17 
Proteus asiaticus var. syriensis l O.S - 0) 50 - 
Streptocoecus viridans - 04 | O07 | —- | 50 50 
Strep. faecalis 6 8 | 10 22 46 32 
Unidentified 4 | 1 | l 5D 27 18 
Kndamoeba histolytica 7 0.8 2 71 11 18 
Endamoeba coli 7 4 4 41 a7 22 
Kndolimax nana OG | OS | 0.7 | 25 50 25 
iodamoeba_ biitschlii - 0.8 | I - | 50 50) 
Diendamoeba fragilis ~ | - 0.7 | - 100 
(iardia lamblia 17 16 12 Oe 48 19 
'richomonas hominis S 6 | 3 39 49 12 
hilomastix mesnili 6 } 7 34 3 3 
lastocystis hominis 1 0.4 ] 40 20 40 
Yeasts 3 | 0.4 l 57 | 14 29 
richuris trichiura 1 }  - | 100 | 2 ei 
\scaris 9 | 2 0.7 30 60 10 
aenia saginata | 2 | 0.8 2 45 | 22 33 
lymenolepsis nana 6 2 1 60 | 27 13 
Vogative | 97 3 0Ct(‘(G;S sO] 33 
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order that the validity of these connotations might be tested. Nevertheless, 
the classification adopted necessarily tends to be parallel with the current 
medical, as well as the popular, conception, of 3 degrees of severity associated 
with 3 types of stools. On the basis of the appearance of a stool we have used 
the categories: (1) bloody diarrhea with mucus; (2) mucous diarrhea with- 
out blood, and (3) watery diarrhea without blood and without mucus. 

The sex and age distribution of the patients were considered according 
to the descriptive types of diarrhea. In cases with blood in the stools the 
ratio of males to females was nearly 3 to 1, while in the cases of watery diar- 
rhea the number of boys was almost the same as the number of girls. 

The percentage incidence and distribution of the various reported species 
of microorganisms according to types of stools are shown in Table VI, an 
analysis of which suggests that there are factors other than demonstrable 
infection with recognized dysentery organisms that determine the presence 
of blood in stools. 

The factor of age in relation to infestation with certain organisms is 
shown in Table VI, from which it appears that in infants under 2 years of 
age the probabilities are almost even that members of the paradysentery 
group, Salmonella-like (?) organisms, streptococci, or Giardia will be found in 
a diarrheal stool, but in those stools containing blood, the chances are two or 
three to one in favor of the occurrence of either a paradysentery species or 
Giardia. In preschool children the probabilities are about even that paradysen- 
tery bacilli, Proteus asiaticus, Salmonella-like organisms, Endamoeba histolytica, 
or Giardia, will be found in stools containing blood, while Giardia is found with 
greater frequency in the other two types of diarrhea. In school children diar- 
rhea with blood is likely to show either paradysentery bacilli or Endamoeba 
histolytica, while in mucous and watery diarrhea Salmonella-like bacilli were 
found most frequently. 

Apparently, insofar as diarrhea is concerned, age is one of the important 
factors which govern the reaction of a child to a particular organism as mani- 
fested by the type of stool and the severity of the illness. We find that the inei- 
dence of Giardia in bloody diarrhea of infants was 22 per cent (only 10 per cent 
in all infants) ; while in the school age group the incidence of Giardia in bloody 
diarrhea (9 per cent) was the same as the incidence in this age group, regardless 
of the type of diarrhea. There is a strong implication in these data that a 
factor of age susceptibility is operative in influencing the pathogenic role of 
Giardia lamblia infestation in infants. 

Duration—An attempt was made to determine whether there was any 
correlation between the type of diarrhea, the duration of illness, or the length 
of treatment, and the type of organism found in the stools. The average length 
of treatment, when certain organisms were the sole findings in the stools, showed 
very little variation; eight days for the paradysentery group; eight days for 
Proteus asiaticus; nine days for Streptococcus faecalis; and eight days for 
Giardia lamblia. However, when Giardia was found in combination with other 
organisms, the average length of treatment increased to thirteen days, a very 
great increase. 
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The mean duration of treatment of the entire group of patients according 
to age groups was as follows: 
0-12 months: 16 days 
13-24 months: 18 days 
2— 5 years: 21 days 
6-12 years: 16 days 
These figures include only those patients who were followed until they were 
known to be cured. 
TABLE VII 
PERCENTAGE INCIDENCE OF CERTAIN ORGANISMS IN AGE GROUPS AND TYPE OF DIARRHEA 


0-12 Mo. 13-24 MO. 2-5 YR. 6-12 YR. 


a. In All Types of Diarrhe a 


Paradysentery group 12 11 1 14 
S. morgani 5 a) a) 2 
P. asiaticus } 6 if) 2 
Salmonella species 6 13 9 12 
Strep. faecalis 10 Ss t 9 
E. histolytica 0 1 Ss 14 
Giardia lamblia 10 15 27 9 


b. Bloody Diarrhea 


Paradysentery group 24 16 1 17 
S. morgani 7 6 3 t 
P. asiaticus 2 5 10 4 
Salmonella species 11 5 10 1 
Strep. faecalis 9 5 3 1 
E. histolytica 0 3 16 20 
Giardia lamblia 22 16 19 9 


Mucous Diarrhea 


Paradysentery group s 5 15 0 
S. morgani 5 6 6 0 
P. asiaticus { 10 10 0) 
Salmonella species 5 23 10 30 
Strep. faecalis 9 8 6 10 
KE. histolytica 0 0 2 10 
Giardia lamblia 6 19 37 0 


1. Watery Diarrhea 


Paradysentery group 8 11 8 20 
S. morgani 3 0 8 0 
P. asiaticus 5 0 8 0 
Salmonella species 3 5 8 10 
Strep. faecalis 12 14 0 0 
E. histolytica 0 0 10 0 
Giardia lamblia § 8 23 


Colic.—One would expect that the child complaining of colic, with conse- 
quent disturbance of the household, would be more likely to receive early medi- 
cal attention, but such was not the case. The incidence of colic in the series 
of eases, as a whole, is shown in Table VIII (A) as distributed among the dif- 
ferent age groups and types of diarrhea. As will be seen from this table there 
is no significant degree of correlation between the manifestation of colic and 
the type of diarrhea. 

The association of colic with the occurrence of reported organisms was 
significant in relation to only four of the species reported; other organisms 
reported in patients who had colic were too few to be evaluated. Table VIII 
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(B) shows the percentage association of colic with these four species or groups 
of organisms. It is particularly noteworthy that Giardia lamblia in the infant 
group shows such frequent association with colic, and that of the times Giardia 
was reported in cases of bloody diarrhea in the infant group, the incidence of 
colic was 90 per cent. 

TABLE VIIT 


| (A) (B) 
PERCENTAGE INCIDENCE OF COLIC IN|PERCENTAGE ASSOCIATION OF COLIC WITH 
|TYPES OF DIARRHEA AND AGE GROUPS| DIFFERENT ORGANISMS 











AGE GROUPS |= —— — : 
| Bloody | Mucous | Watery | Para- +: : 
. . Giardia 














. . : i Strep. IE. histo- 
Diar- | Diar- | Diar- | Total | dysentery : | , 
aa ‘ faecalis lyvtica lamblia 

rhea rhea rhea Group -» 
0-12 mo. 65 Wo 19 ~ a 29° | 35 19 oe aooem 57 - 
13-24 mo. a7 25 S 34 35 36 50 a2 
2— 5 yr. 55 3] Oo] 38 40 | 25 60 2 

83 OO $1) 75 86 50 60 50 


6-12 yr. 

In the 45 persons with dehydration observed there were 11 deaths, a rate 
of about 25 per cent; but this does not include a few persons who refused 
admission to the hospital and who probably survived for a brief period at 
home. Exclusive of 2 deaths, which were not attributable to diarrhea, there 
were 18 deaths in the entire series (7 males, 11 females). A single death was 
attributable to diarrhea alone, without dehydration; 7 deaths were due to 
dehydration with diarrhea; and 4 deaths were due to pneumonia, dehydration, 
and diarrhea. Pneumonia was the terminal event in the 8 persons in whom 
it occurred. Marasmus was a contributing factor in 4 persons. 

Vomiting, which persisted beyond the day of onset of the diarrhea, ap- 
peared to be an important factor in the development of symptoms of in- 
toxication. 

Bacteriologie and parasitologie findings in the persons who died showed 
an incidence of organisms as follows: paradysentery group, 33 per cent; 
Proteus asiaticus, 11 per cent; Salmonella-like bacilli, 11 per cent; Giardia 


lamblia, 17 per cent; and negative, 44 per cent. 
TREATMENT 


On the whole, none of the drugs used showed any particular advantage over 
a purely dietary and hygienic method of treatment. Of course, definite indi- 
cations for specific medications, such as the finding of EF. histolytica in the stools, 
or severe colic, or the coincidence of malaria, were followed. 

Every effort was made to have persons with dehydration admitted to the 
hospital, where fluids were immediately administered, and blood transfusions, 
in small quantities, were given when possible. Gastric lavage was performed 
as indicated; oceasionally, this procedure was followed by marked benefit. 
[Irrigation of the eolon with starch solution, with sodium bicarbonate solution, 
or with some medicated liquid, was used in cases characterized by severe colic 
or great frequency of stool. No particular benefit was noted in favor of the 
medicated over the nonmedicated irrigations. No food was given these persons 
until the symptoms of intoxication began to be definitely improved, usually a 
matter of forty-eight to seventy-two hours. Water in very small quantities 
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was given, by teaspoon, at regular short intervals, even in the most intoxicated 
persons, but was discontinued if there was vomiting. As the symptoms of in- 
toxication diminished, a modification of protein milk in small quantities was 
given at intervals of four hours. The amounts, as well as the concentration, were 
increased gradually as the child became able to tolerate more food. 

The general routine of treatment of the majority of the persons who 
were not dehydrated was that used in most clinies. In the case of older chil- 
dren no cathartic was given, the child was immediately placed on the modified 
protein milk regime. This protein milk was used as the sole article of food 
for a period averaging about three days, when other low residue, high pro- 
tein articles of diet were added. 

The modification of protein milk was developed in this clinie about ten 
vears ago, and has since been used with great convenience and success. It 
was originated with the idea of making some easily prepared high protein 
milk available for even the most ignorant mothers, and making it relatively 
inexpensive, so that it could be used by even the poorest. It is prepared as 
follows: One liter of thoroughly boiled and cooled milk is eurdled by the ad- 
dition of lemon juice (or other acid), strained or deeanted, and the curd 
added to one liter of cultured milk. The latter, under the name of leban, is 
a universal food in this part of the world, but can be obtained from any Syrian 
restaurant in any part of the world. The leban is easily prepared by any 
housewife, who inoculates tepid, boiled milk with some of the previous day’s 
leban, and surrounds the bowl with a blanket to retain overnight the heat 
venerated by fermentation. By the next morning the milk is set in an exceed- 
ingly fine, smooth curd. The acid-precipitated curds are beaten up with the 
liter of leban to form a perfectly smooth liquid. Water may be added to this 
mixture as required, depending upon the needs of the individual baby. It is 
usually wise to add sugar in the proportion of 2 tablespoons to a liter, but the 
sugar should be added at the time of each feeding, otherwise it will become 
very unpalatable in a few hours. The calorie value of this mixture is about 
70 or 75 per 100 ¢.e. It contains about 6 to 6.5 per cent protein; 3.5 to 4 per 
cent fat; and about 3 per cent sugar (mostly sucrose), depending upon the 
amount of fermentation which has taken place during culturing of the milk. 

The effect of this protein milk on the stools of an infant or older child 
suffering from diarrhea is often very rapid, producing a formed, pale, pasty 
stool after about thirty-six to forty-eight hours. Often, however, mucus and 
occasionally blood will persist in the stools for some days after they have 
become formed. Colic and distention disappear with great rapidity, partieu- 
larly in the case of older children, in whom the disappearance of colie has 
been almost magical. The food is palatable to most babies, and the use of 
laetie or hydrochloric acid as the medium for coagulating the milk seems to 
make it palatable to those who refuse the food prepared with lemon juice. 
Infants and older children may be kept on this food for months. The con- 
‘tipation resulting when the protein milk is used for a long period after an 
acute diarrhea is readily controlled by the addition of other foods in the diet, 
laxatives thus being rendered unnecessary. This modification of protein milk 
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appears to combine the beneficial effects of lactic acid milk with those of a 
high protein milk. The tolerance to fat seems to be rapidly regained, even 


in eases of long-standing chronic intestinal indigestion. 
COMMENT 


Diarrhea is encountered among the children of Beirut throughout the 
year, but the distribution of the cases is distinctly seasonal, with most of the 
cases occurring in November and in May. The seasonal incidence appears to 
be correlated with the seasonal incidence of flies.“ Of the children afflicted, 
boys are seen at the clinic nearly twice as frequently as girls. 

Parallel bacteriologic and protozoologie examination of diarrheal stools 
revealed the presence of Shigella and Salmonella bacilli which are commonly 
encountered in cases of diarrhea elsewhere, but they were not found as fre- 
quently as expected. Shigella dysenteriae infection is much less common than 
in Egypt, and amoebiasis of voung children is exceedingly rare. 

The evidence obtained indicates that the age of the child plays an impor- 
tant role in determining susceptibility and type of reaction to infection with 
Giardia lamblia, and to a smaller extent with Morgan’s bacillus. Giardia 
lamblia in infants is capable of provoking a severe diarrhea which frequently 
becomes chronic. The frequency with which Giardia is encountered in the 
normal stools of adults cannot invalidate the cumulative positive evidence per- 
taining to the pathogenicity of this organism for infants and younger children. 
It is probable that the factors involved are nonspecific and pertain to individual 
susceptibility rather than to any properties of ‘‘ virulence’’ inherent in Giardia, 
but the potentialities of this flagellate in the production of diarrhea of infants 
should be appreciated.’* The evidence obtained in connection with Morgan’s 
bacillus supports the concept of that organism as a pathogen.” 

Proteus asiaticus has been reported by Khaled'® as frequently causing an 
enteric-like fever in Egypt. This organism has never been isolated from the 
blood stream by our laboratory. but the present report indicates that it occurs 
with sufficient frequency in severe diarrhea to warrant further study. It is 
probable that this organism is widely distributed, but is usually ignored as a 
‘*Proteus”’ or slow-lactose fermenter. There can be little doubt that P. 
asiaticus is potentially pathogenic.!* 


Conceptions of ‘‘diarrhea’’ and ‘‘dysentery’’ should be reviewed from 
the point of view of classification. The present study indicates that diarrhea 


with their 


ee °? , 


is a clinical entity of which ‘‘dysentery”’ and ‘‘simple diarrhea,’ 
usual connotations, are merely phases. In a broad survey there was no cor 
relation between the species of etiologic agent and the type or severity of the 
diarrhea. On the contrary, if the effects of the neurotoxin of Shigella dysen 
teriae are excluded, the character of the clinical manifestations appears to depend 
on the reactivity of the intestine of the individual to irritation. It seems likel) 
that organisms other than Shigellas and Salmonellas may, in a given child, pro 
voke a response characteristic of so-called ‘‘dysentery.’’ Of the attacks wit! 
which members of the genus Shigella were associated, 32 per cent were mucou 
diarrheas without blood; and 21 per cent were simple watery diarrheas, i. 
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53 per cent of the incidence of dysentery bacilli were in cases which were not 
‘‘dysentery.’’ In the absence of competent laboratory examination any as- 
sumption as to the noninfectious nature of any case of diarrhea is unjustified 
and dangerous. 


We wish to acknowledge gratefully our indebtedness to Doctors H. Senekjian, A. Kou- 
youmjian, and G. Dibu, for their assistance while interns attached to the laboratory service. 


REFERENCES 


1. Dorland, W. A. N.: The American Illustrated Medical Dictionary, Philadelphia, 1937, 
W. B. Saunders Co. 

2. Bergey, David H.: Bergey’s Manual of Determinative Bacteriology, ed. 4, Baltimore, 
1934, Williams & Wilkins Co. 

3. Boeck, William C.: Giardiasis in Man. Its Prevalence and Relation to Diarrhea and 
to Gallbladder Disease, Arch. Int. Med. 39: 134, 1927. 

4. Ali, M.: Dysentery in Infancy, J. Egyptian M. A. 20: 167, 1937. 

5. Bensted, H. J.: Observations on Infantile Enteritis and Dysentery in Egypt, Compt. 
Rend. Cong. Inter. de Méd. Trop. et d’Hyg., Le Caire, Egypte 3: 905, 1928. 

6. Davison, W. C.: Bacillary Dysentery in Children, Bull. Johns Hopkins Hosp. 31: 225, 
1920. 

7. Denison, G. A., and de Hall, G.: Bacillary Dysentery in Infants and Children, A Clinical 
and Bacteriological Study of 35 Cases, J. Infect. Dis. 56: 124, 1937. 

8. Khaled, Z.: Micro-organisms of Diarrhoea and Dysentery of Children in Egypt, Compt. 
Rend. Cong. Inter. de Méd. Trop. et d’ Hyg., Le Caire, Egypte 3: 913, 1928. 

9. Wollstein, M.: <A Bacteriological Study of Acute Diarrheas in Young Children, Am. J. 
Dis. Child. 25: 310, 1923. 

10, Hill, C. M., and Hill, R. B.: Infection With Protozoa and Incidence of Diarrhea and 
Dysentery in Puerto Rican Children of Pre-School Age, Am. J. Hyg. 7: 134, 1927. 

11. Haynes, E.: Bacteriological Study of 40 Cases of Diarrhea in Infants Including 2 Cases 
of Flexner Septicemia, J. Infect. Dis. 60: 251, 1937. 

12. Dennis, E. W., and Lund, E. E.: Studies on the Intestinal Protozoa of Man in Syria and 
Lebanon, Tr. Roy. Soc. Trop. Med. & Hyg. 30: 407, 1957. 

13. Taylor, J. F.: Special Report Series No. 40, Medical Research Council, London, 1919. 

14. Brumpt, E.: Précis de Parasitologie, ed. 5, Paris, 1936, Masson & Cie., Vol. I, pp. 381-385. 

15. MacKenzie, G. M., and Batt, L. N.: Antigenic Analysis of Cultures of B. paradysenteriae 
and B. morgani Isolated During Epidemie of Summer Diarrhea, J. Immunol. 19: 
371, 1930. 

16. Khaled, Z.: Parenteric Fevers in Egypt, J. Hyg. 21: 362, 1923. 

17. Slot, G., and Blomfield, D.: Intermittent Diarrhea Associated With B. asiaticus, Lancet 
1: 1116, 1936. 











LABORATORY METHODS 








DETERMINATION OF ETHYL ETHER IN BLOOD* 
EDMUND ANbREWs, M.D., Roperr M. Porrer, M.D., THropore E. 
FRIEDEMANN, Pu.D., AND Huperta M. Livincstone, M.D. 
CuHicaGo, Iu. 


“P HE procedure described herein is based upon a principle widely used in the 

determination of ether and aleohol in biological materials; namely, the 
quantitative oxidation of these substances to acetie acid by means of chromic 
acid. Nicloux,' and Shaffer and Ronzoni,? have applied this procedure to the 
determination of ether in blood. The present method contains a number of 
modifications which greatly facilitate the determination and inerease the accu- 
racy. It was used in a study of the effect of premedication on the ether con- 
centration in surgical anesthesia in human subjects, the results of which are to 
be published soon. 

APPARATUS 


A single unit of the apparatus is shown in Fig. 1. It is permanently 
mounted exeept for the 25 by 130 mm. tapered centrifuge tube (A) whieh con- 
tains the sample and the 150 ¢.c¢. fat extraction flask (B) whieh contains the 
chromie-sulfurie acid solution. The inlet and outlet tubes are provided with 
traps as shown. The vapors are quantitatively absorbed in the bead tower above 
the extraction flask (3). The tower (C) eliminates the use of a train of absorp- 
tion tubes and possesses the further advantage of being easily cleaned. Air is 
passed through calcium chloride and concentrated sulfurie acid to free it of 
any volatile-interfering substances. It is drawn through the apparatus by 
means of suction applied at the outlet tube above the absorption tower. 

Rubber stoppers and connections were used in the apparatus. An all-glass 
apparatus with ground glass connections probably would have improved the 
accuracy. 

REAGENTS 


The precautions concerning the purity and method of storage of distilled 
water, noted by Friedemann and Klaas,* should be carefully observed. 

Sodium tungstate. A 10 per cent solution. 

Acid merecurie sulfate. Fifty-six eubie centimeters of concentrated sulfuric 
acid are added to 500 e.c. of water. One hundred grams of mereurie sulfate are 
added. The contents of the flask are heated until solution of the salt is complete. 
Sufficient water is then added to bring the volume to about 1,000 e.e. 


*From the Department of Surgery and the Department of Medicine, University of Chicago 

Aided by a grant from the Douglas Smith Foundation for Medical Research of the Uni- 
versity of Chicago. 
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Sulfurie acid. A 75 per cent solution. 

Potassium dichromate. Approximately 0.1 N solution 

Sodium thiosulfate. An approximately 0.1 N solution is prepared and 
standardized with standard potassium iodate solution. An exactly 0.01 N solu- 
tion is prepared each day by dilution. This solution may be used on several 
succeeding days; however, the daily preparation of a fresh solution is recom- 
mended. 

Potassium iodide, C.P. Crystals finely ground. 

Soluble starch solution. Approximately 5 per cent solution. 


PROCEDURE 


Before the determination exactly 5.0 ¢.c. of 0.1 N potassium dichromate 
are pipetted into the 150 ¢.e. extraction flask, approximately 25 ¢.c. of 75 per 
cent sulfurie acid are added, and the flask is connected to the tower. Approxi- 
mately 5 ¢.e. each of acid-mereuric sulfate and sodium tungstate reagents are 
placed in the tapered centrifuge tube. The latter is provided with a cork 
stopper and is kept in the refrigerator until needed. 

The skin is sterilized with mereury bichloride solution. The blood is drawn 
past the mark into the 2 ¢.c. precision syringe (made by Beeton, Dickinson and 
Co., Rutherford, N. J.) which contains a few crystals of sodium oxalate. The 
syringe is held vertically while the blue plunger is slowly moved upward to the 
2.0 ¢.e. mark. Excess blood is absorbed in a gauze sponge. The needle is then 
plunged to the bottom of the centrifuge tube, below the cold reagents, and the 
syringe is slowly emptied. The stopper is replaced and the sample is taken to 
the laboratory for immediate analysis. 

The stopper is inserted into the top of the absorption tower; the suction is 
properly adjusted. The tube containing the sample is connected to the appa- 
ratus. The sample tube is gradually heated with a microburner flame until 
condensation appears in the Kjeldahl trap above. Heating of the sample is 
now discontinued. The trap is gently warmed to insure quantitative transfer 
of the ether vapors. The entire period of heating and aeration is about five 
minutes. 

The sample tube is now disconnected. The stopper is removed from the 
top of the tower, and approximately 10 ¢.e. of distilled water are poured through 
the tower. The flask is heated rather rapidly for fifteen to twenty seconds 

until vapors arise) and is allowed to stand about one minute. It is detached 
and lowered to the shelf; three to four additional rinsings of 10 ¢.e. each of 
water serve to wash the last traces of the reagents from the tower into the flask 
velow. The flask is then placed in a cooling bath of running water or ice. 

After each determination approximately 100 ¢.e. of 75 per cent sulfurie 
‘cid are poured through the aeration tower to remove the remaining water. 
‘his solution may be used repeatedly until diluted. Any precipitate adherent 
'» the inlet tube is washed and wiped off. The apparatus is now ready for 
nother determination. 

The residual oxidizing agent is determined iodometrically. Approximately 
5 Gm. of potassium iodide is added. One-hundredth normal sodium thiosulfate 

added until most of the color has disappeared. Starch is then added, and the 
‘tration is continued until the solution is colorless. 











96S THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Blank determinations are made simultaneously with the reagents. The 
difference between the cubie centimeters of sodium thiosulfate required by the 
blank and that required in the titration of the sample represents the cubic 
centimeters of sodium thiosulfate equivalent to the oxidizing agent reduced 
by the ether. One cubic centimeter of 0.01 N sodium thiosulfate is equiva- 
lent to 0.0926 mg. of ether. This factor corresponds to the quantitative oxida- 
tion of the ether to acetie acid. 

' 





















































Fig. 1. 
DISCUSSION 


In addition to describing a simple and convenient form of apparatus, we 
wish to call attention to the use of syringes for the accurate measurement 0! 
small samples. The customary collection of samples in tube and the subsequent! 
measurement by means of pipettes may involve large losses of volatile sul 
stances. The direct measurement of the sample from the syringe into the tub» 
or reaction flask has not been heretofore suggested as far as we are aware. Tli 
accuracy of precision syringes for this purpose may be judged by the fo! 
lowing data. 
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Seven syringes were fitted with No. 18 hypodermic needles. Duplicate de- 
liveries of 0.100 N hydrochlorie acid from the syringes required 20.39, 20.37, 
20.16, 20.14, 20.10, 20.10; 20.35, 20.26; 20.30, 20.24, 20.40, 20.40; and 20.10 
20.20 e.e. for neutralization to phenolphthalein with 0.01 N sodium hydroxide. 
Single titrations of 0.100 N hydrochloric acid delivered by 2.0 ¢.c. pipettes re- 
quired 19.96, 20.01, 20.02, 19.84 ¢.c. of 0.01 N sodium hydroxide. The syringes 
delivered only from 0.5 to 2 per cent more of solution than the pipettes. The 
close agreement of the duplicate samples should be noted. 


TABLE I 


RECOVERY OF ETHER FROM SOLUTION 








PURE SOLUTION PLUS BLOOD 
AND REAGENTS 





| 
WT. OF = 











ETHER ~ THIOSULFATE | ” aaa THIOSULFATE ee 
TITRATION RECOVERY TITRATION | RECOVERY 
“me | ee, O01 N Per cent ee, 0.0L N | Per cent 
1.042 11.0 97.7 E33 98.6 
11.2 99.4 10.9 97.0 
11.1 98.6 
| 
1.256 13.4 98.6 
13.6 100.2 | 
1.570 16.8 98.6 | 16.8 98.6 
16.7 98.4 17.0 | 100.4 
1.884 20.0 98.4 | 
20.5 100.6 
20.2 99.4 
20.2 99.4 
2.198 23.7 99.8 23.5 99.0 
25.8 100.3 23.7 99.8 
23.4 98.6 
23.2 97.9 
| 
2.512 | 27.4 101.0 27.1 99.8 
27.2 100.4 | 27.3 100.4 
27.0 | 99.5 | 
27.1 99.8 
2.826 30.7 100.5 | 
30.2 98.9 
30.4 99.4 
| 30.3 99.3 
| 
3.140 34.0 | 100.3 33.6 99.0 
| 33.! 99.6 


35.8 99.6 





The recovery of ether from pure solution is shown in Table I. Data are 
ziven also in the table for the recovery of ether from pure solution in which 
have been added the precipitating solutions and 2.0 ¢.c. of fresh whole blood. 
The quantities of ether indicated in the table are within the concentrations 
found in animals in ether anesthesia. Considering the volatility of ether, the 
procedure yields satisfactory results. 

SUMMARY 


The use of precision syringes for accurate measurement of blood samples 
that may contain very volatile substances is described. The sample is delivered 
below the surface of cold precipitating reagents, acid mercuric sulfate-sodium 
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tungstate, from which the ether is removed by rapid aeration with heating. 
The vapors are quantitatively absorbed in a bead tower containing chromic- 
sulfurie acid mixture. The residual oxidizing agent is determined iodometrieally. 
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THE PHOTOELECTRIC STANDARDIZATION OF POTASSIUM 
PERMANGANATE SOLUTIONS* 


Wituiam 8S. HorrmMan, Pu.D., M.D., Cutcaco, IL. 


ERMANGANATE solutions are notoriously difficult to keep standardized 

because they deteriorate rapidly. For accurate analyses, they must be 
restandardized at intervals not greater than two weeks. This is usually accom- 
plished by having on hand a standard solution of sodium oxalate, which ap- 
parently can be kept unchanged for several months. A safer but more tedious 
procedure is to weigh out each time a definite amount of sodium oxalate, dissolve 
it in approximately normal sulfuric acid and titrate it at about 70° C. with the 
permanganate solution. Even this procedure can be inaccurate because the 
deteriorated permanganate solution has varying quantities of precipitated oxides 
of manganese (presumably MnO.) which may be stirred up and ineluded in 
the titration. 

This difficulty in maintaining standard solutions of permanganate is felt 
particularly in biological laboratories which use such solutions only oceasionally 
in the determination of serum calcium. Often the failure on the part of the 
technician to take the trouble to restandardize the permanganate solution makes 
the serum calcium determination worthless. 

The author has found that, with the aid of the photoelectric colorimeter, 
the standardization of potassium permanganate can be made in a few minutes, 
with an error of less than 1 per cent. The procedure is based on the fact that 
the readings of varying dilutions of the permanganate in the photoelectric 
colorimeter with a green filter, when plotted on semilogarithmic paper, make a 
smooth curve, which for narrow ranges is partically a straight line. 

The standard curve is prepared by diluting 4, 5, and 6 ¢.c., respectively, 
of accurately standardized 0.05 N potassium permanganate to 200 ¢.c. in volu- 
metrie flasks. These solutions, which are N/800 with factors of 0.800, 1.000, and 
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1.200, respectively, are read in the photoelectric colorimeter* with a green 
filter, with maximum transmission at 530 mp (Ceneo filter No. 2). The values 
are plotted on semilogarithmic paper as in Fig. 1. 
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Fig. 1.—The relationship between photelometer readings and concentration of potassium 


permanganate. The ordinate is expressed as the factor by which N/800 potassium permanganate 
must be multiplied to give its concentration. 











The permanent curve is used to standardize extemporaneous solutions pre- 
pared from one concentrated stock solution. This preparation is best illustrated 
by an example. The stock solution was approximately 1.0 normal. A 0.01 N 
solution was desired. Five cubic centimeters of the stock solution was diluted to 
900 ¢.e. in a volumetric flask. Twenty-five cubie centimeters of this approxi- 
mately 0.01 N solution was diluted to 200 e¢.c. in a volumetric flask and read in 
the photoelectric colorimeter, The reading was 44.0, which meant that the 0.01 
N potassium permanganate had a factor of 0.965, The solution could be dis- 
carded at the end of the day, for it required only a few minutes to prepare an- 
other standardized solution. 


SUMMARY 


A photoeleetrie method for standardizing potassium permanganate solutions 
is deseribed. It is simple, rapid, and accurate, 


*The Cenco-Sheard-Sanford photelometer, manufactured by the Central Scientific Co., was 
ed in these experiments. 











A QUANTITATIVE STUDY OF SYPHILITIC SERUM* 


Rosert A, GREENE, PH.D., Epwarp L. BreazeaLe, B.S.A., AND 
CHARLES ©, Crort, M.S., Tucson, Ariz. 


HERE has been much discussion as to whether the results of laboratory 

tests for syphilis should be expressed as negative, doubtful, or positive, or 
in terms of plus. The former method does not give much information as to 
the effect of treatment, and the latter method may lead to difficulties, for, as 
Kagle' has pointed out, laboratory tests for syphilis, as usually performed, are 
not quantitative. Results reported in terms of plus often fail to give informa- 
tion regarding the effect of treatment, since the tests, as usually performed, 
have a maximum limit of four-plus in undiluted serum, and quantities of 
reagin in excess of that required to give a four-plus (i.e., complete) reaction 
are not shown in the result. Wiener,’ in a quantitative study of the Kline test, 
found that some sera would give positive reactions when diluted one thousand 
times. 

Several investigators'® have discussed the desirability of expressing results 
on a quantitative basis. Quantitative procedures have been deseribed for 
complement fixation tests and for flocculation tests. Our investigation was 
made to determine the quantities of reagin which might be present in syphilitic 
sera, and the possible application of quantitative methods as a routine proce- 
dure for following the effects of treatment. 


PROCEDURE 


When a serum gave a positive laboratory test for syphilis, it was diluted 
with physiologic saline, and the Hinton and Kline diagnostic tests were per- 
formed on the diluted serum in the usual manner. The results were recorded 
as negative, doubtful, or positive. At the same time a series of positive sera 
were examined, an equal number of negative sera were treated in a like manner. 
These negative sera, without exception, gave negative reactions in all dilutions. 
The results are reported in terms of serum dilutions. In the Hinton test the 
final dilutions of the serum-antigen mixture are actually twice those given 
(0.5 e.e. indieator and 0.5 serum are employed in the tests). 

The maximum serum dilutions in which positive reactions were noted are 
shown in Table I. 

Table II gives the relation of positive tests on diluted sera (from treated 
and untreated patients) to the Kahn reaction on the same sera undiluted. 

Table III shows the maximum dilution of sera of known treated eases in 
relation to the Kahn test on the same sera undiluted. 

*From the Arizona State Laboratories, Tucson and Phoenix. 
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TEST | nace j 3 ) 
| UNDILUTED 5 1:2 1:4 1:8 1:16 1:32 1:64 | TOTAL 
Hinton* a ore 18 24 14 6 5 106 
Kline* 7 23 27 11 22 3 10 3 106 
Hinton only J 2 6 3 3 5 a: | # 21 
*Performed on the same sera. 
TABLE II 





MAXIMUM TITERS OF SERA FROM ALL PATIENTS (TREATED AND UNTREATED) IN RELATION 


TO THE KAHN TEST 





















































_ KAHN | NUMBER OF SERA 
(UNDILUTED TEST poorest wens 
SERUM ) UNDILUTED 1:1 1:3 1:4 1:8 | 1:16 | 1:32 | 1:64 | TOTAL 
‘1 plus =| Hinton | 0 2 5 0 0 0 0 0 7 
Kline | 3 4 0 0 0 0 0 7 
2 plus Hinton | 1 4 6 1 4 1 0 1 18 
Kline 3 Ss 3 1 2 0 1 0 18 
3 plus Hinton | 0 5 s 8 K 0 1 0 25 
Kline | 1 11 9 1 1 0 2 0 25 
4 plus Hinton | 0 0 0 6 12 11 7 5 41 
Kline 0 1 9 8 11 3 6 3 41 
TABLE IIT 


MAXIMUM TITERS OF SERA FROM TREATED PATIENTS IN RELATION TO THE KAHN TEST 














KAHN sanbdiliiaadh, dian eee 
(UNDILUTED veer NUMBER OF SERA 
SERUM ) ES 1:2 1:4 1:8 1:16 TOTAL 
1 plus Hinton 0 4 0 0 0 4 
Kline 4 0 0 0 0 4 
2 plus Hinton 0 4 1 0 0 5 
Kline 5 0 0 0 0 5 
3 plus Hinton 1 3 2 0 0 6 
Kline 5 0 0 0 6 
4 plus Hinton 0 4 2 1 8 
Kline 4 3 tt) 0 8 


























DISCUSSION 


An examination of Table II reveals that the arbitrary designation of re- 
sults in terms of plus does not always give a true picture of the actual reagin 


content of sera. 


In the one-plus Kahn groups, all the sera gave positive Hinton 


reactions when diluted (2 in 1:1, and 5 in 1:2); the same relationship holds in 
ihe sera of higher reagin content, but it will be noted that in the three-plus 
Kahn group, 13 (approximately 50 per cent) gave positive Hinton reactions in 


maximum dilutions of 1:1 or 1 
reactions in the same maximum dilutions. 


2 


omy 


and 21 (82 per cent) gave positive Kline 
The limitation of the upper limit 


if four plus is well illustrated by the fact that in this group 100 per cent gave 
iositive Hinton tests in dilutions of 1:4 or greater; 60 per cent in 1:16 or 
sreater; and 30 per cent in 1:32 and 1:64. 

Unfortunately, we have no detailed records regarding the patients whose 
Judging from our experience, we would assume 


era are given in Table III. 
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that treatment had brought about a decrease in titer. In general, the maximum 
titers in Table III occur in lower dilutions than those of Table II, which in- 
cludes serum from treated and untreated patients. 

We feel that the Hinton or Kline test, quantitatively applied, gives val- 
uable information as to the reagin content of serum, and should be particularly 
valuable in eliminating zone reactions which are sometimes encountered, par- 
ticularly in tests where a single serum : antigen ratio is employed.‘ 

Subsequent studies have shown that the Mazzini test may be readily per- 
formed quantitatively. 

CONCLUSION 


The quantitative application of the Hinton and Kline tests is deseribed 
and discussed. 

A quantitative examination eliminates zone reactions and gives a_ better 
index to the effect of treatment than the results expressed in the conventional 


manner, 
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A STUDY OF THE DEMONSTRATION OF TUBERCLE BACILLI IN 
URINE BY MEANS OF PHOSPHATE FLOCCULATION* 


Joun H. Hanks, Pu.D., ANp Harry A. FetpMan, M.D., Wasuineton, D.C. 


N PRECEDING studies it was learned that direct centrifugation is an ineffee- 

tive means of collecting tuberele bacilli from sputum,’ spinal fluid,? and 
urine... In urine containing both typhoid and tuberele bacilli, centrifugation 
for thirty minutes was found to collect 99 per cent of the typhoid bacilli and 
only about 20 per cent of the tubercle bacilli (unpublished data). During the 
present study of the concentration of tuberele bacilli from urine, an analysis 
of the Petroff ‘‘tannie acid’’ procedure* showed that the precipitates produced 
by acidification and chilling of urine (with or without tannie acid), though 
bulky, gave better concentration than direct centrifugation. These precipitates 
contained approximately 70 per cent of the bacilli from the urine samples, 
whereas the final concentrates, after dissolution of the primary precipitates, con- 
tained roughly 1 per cent of the bacilli. It was recommended,’ therefore, that 
the first precipitates be used without further attempts to reduce their volume 





*From the Department of Bacteriology, Hygiene and Preventive Medicine, School of 
Medicine, the George Washington University. 
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by procedures involving direct centrifugation. It may be seen that direct cen- 
trifugation was unsatisfactory for collecting the bacilli from the original speei- 
mens or for washing the sediments collected by other methods. 

It is the purpose of this communication to present more complete informa- 
tion on the collection of tubercle bacilli from urine and to deal especially with 
the following questions: (a) the degree of concentration obtained in urine by 
direct centrifugation in two types of centrifuges; (b) the efficiency of collection 
and eoncentration by several flocculation methods; (¢) the factors whieh influ- 
ence the results obtained by flocculation; and (d) the problem created by the 
presence of pus in ¢linieal specimens. Such studies necessitated the use of 
known numbers of clump-free tuberele bacilli in normal urines. Insofar as it 
was possible, the methods were analyzed to obtain a measure of the practical 
degree of concentration for microscopic purposes (concentration factor) and 
the percentage of the total bacilli in the urines which were collected in the pre- 
cipitate (percentage efficieneyv), which is important for cultivation or animal 
inoculation. 

METHODS 


Details concerning the preparation, preservation, and counting of clump- 
free suspensions of human tubercle bacilli have been given.2?. Known amounts 
of these preeounted suspensions were added to measured volumes of urine from 
normal persons in order to provide experimental materials containing known 
and appropriate numbers of tuberele bacilli per cubie centimeter. The drained 
precipitates or sediments collected by various means were suspended in an equal 
volume of the alum-milk fixative, and 0.02 ¢.e. was spread on square slide areas 
of 2 by 2 em. Counting, as before, was along the diagonals of the films.?»° Ten 
fields were observed per diagonal, making 40 fields for the two films on each 
slide. From knowledge of the number of bacilli added to each eubie eenti- 
meter of urine, the average of bacilli to be expected per microscopic field in the 
uneoneentrated urine was ealeulated and regarded as unity. The average num- 
her of bacilli per field produced by the application of a given concentration 
method represented a multiple of the unit number and indieated the concen- 
ration factor. 

By measuring the volume of sediment collected from a given volume of 
urine, the ‘‘volume reduction’’ and the collecting efficiency of the methods were 
caleulated. For example, if the volume of a sample was reduced 100 times as 
the result of concentration, the bacterial count per unit slide area should be in- 
creased 100 times if all the bacilli had been collected. The following formula 
permitted ecaleulation of the percentage efficiency: 


Bacilli per field in concentrates 
Bacilli per field in urine x volume reduction 





= Percentage efficiency 


EXPERIMENTAL RESULTS 


Alum and ferrie chloride, the floeculating agents which had been used to 
‘olleet tuberele bacilli from sputum, could not be used in urine. Their floceula- 
ion was inhibited in varying degrees by different urines, so that a suitable 
tandard dose of reagent could not be selected. The various salts and ions in 
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urine itself offered several possibilities for the formation of floceular precipi- 
tates. Two such precipitates were studied. Acidification and chilling of the 
urine produced precipitation without the addition of tannie acid. Beeause of 
the microscopic appearance of the precipitates and the conditions under which 
urates are known to beeome insoluble, these sediments were ealled ‘‘urate’’ 
precipitates. The floceulations which resulted from neutralization or slight 


‘ 


alkalinization of urine (constant shaking) were referred to as ‘‘phosphate’’ 
precipitates. 

After preliminary study of direct centrifugation, ‘‘angle’’ centrifugation, 
phosphate precipitation, Petroff’s tannie acid method,‘* and urate precipita- 
tion, four experiments on urines containing differing numbers of tubercle bacilli 
were carried out in order to make comparisons. The results summarized in 
Table I show the concentration factors for all methods, and the percentage 


TABLE I 


CONCENTRATION FACTORS AND PERCENTAGE EFFICIENCIES OF SEVERAL METHODS OF COLLECTING 
TUBERCLE BACILLI FROM URINE 








DIRECT ANGLE PHOSPHATE PETROFF 























aaaaiennaiai, aia eeeees URATE 
EXPER. CENTRIF CENTRIF FLAC. PRECIPITATION ist 
NO. UGATION UGATION (MINIMAL) STAGE 
c. ¥." |EFF. %*| C.F. | EFF. % C.F. | EFF. % C.F. | EFF. % C.F. | EFF. % 
1 30 | - 10 - 164 80 57 78 S7 54 
2 81 - 73 - 128 75 77 40 41 92 
3 60 - 50 - 100 52 59 92 77 47 
4 3 - 23 = 145 79 85 29 Sl 59 
Av. mitt mt 134 | 71 70 60 71 63 




















*Concentration factors (C.F.) and percentage efficiency (Eff.). The amount of sediment 
obtained by centrifugation did not permit determination of the efficiencies of these methods. 


efficiencies of the flocculation procedures. Since the concentration factors from 
horizontal centrifugation at RCF. 500 or 1,000 x gravity for one hour were 
relatively low, and the volumes of sediment were too small for measurement 
(reason for absence of percentage efficiencies), the ineffectiveness of this method 
is apparent. The flocculation methods produced from 50 to 150 times more 
sediment, which contained a greater number of bacilli per unit volume. The 
difficulty with direct, horizontal centrifugation was not overcome by the use of 
greater centrifugal forces in a more efficient machine of the angle type.  Al- 
though more bacilli were collected in the angle centrifuge, they were packed in 
elumps. Since clumps influenced the possibility of diagnosis only by virtue of 
their numbers, estimation of the number of bacilli per clump was useless and 
these clumps were recorded as one bacillus. 

Comparisons between the three flocculation methods indicated that the use 
of tannic acid in Petroff’s procedure was unnecessary and that the acidification 
and chilling of the urines produced comparable results. The minimal phos- 
phate flocculation produced higher concentration factors than the urate preecipi- 
tates and was slightly superior in percentage efficiency. Since the results 

*Instructions for this method differ in various sources where it is quoted. The method 
employed was presented to one of us (J. H.H.) by Dr. Petroff. It was followed strictly, except 


that the recommended centrifuging time was extended to ten minutes in order to pack the sedi- 
ments more tightly. 
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shown for the floceulation methods were obtained by centrifuging for only five 
or ten minutes, direct centrifugation was not studied further. 

The advantages of the phosphate over the urate precipitates may be sum- 
marized as follows: relatively constant amounts of calcium, magnesium, and 
phosphate ions are excreted daily in the urine, while the output of urates is 
influenced to a greater degree by diet. The urate precipitation required not 
only addition of acid but also variable periods of chilling, while the volume of 
precipitate was usually large and could not be regulated successfully. The 
phosphate flocculation appeared promptly after adjusting the pH of urine, and 
the amount of precipitate could be controlled within reasonable limits. Since 
the collecting efficiency of the phosphate floeculations on the average was slightly 
higher, and since the degree of concentration by any method cannot exceed the 
ratio between the original volume of urine and the final volume of sediment 
(volume reduction), the phosphate flocculation method was chosen for fur- 
ther study. 

The relationship between the pH to which the urine was adjusted (to pro- 
duce different volumes of precipitate) and the concentration factors and_ per- 
centage efficiencies was investigated. Four pH levels were used as the basis of 
comparison ; these were pH 6.6 to 6.8 (the approximate pH range of the mini- 
mal phosphate flocculations previously mentioned), pH 7.0, pH 7.5, and pH 8.0. 
Differing numbers of bacilli, capable of producing accurate counts after con- 
centration, were added to clear, filtered urines. These large samples were divided 
into four portions of 40 to 200 ¢.e. in the different experiments. The pH of each 
portion was adjusted by the addition of N/1 or 2.5 N sodium hydroxide during 
constant shaking of the samples. The minimal flocculation point was used with- 
out regard to the pH at which it occurred, while the remaining three portions 
were adjusted to their respective pH values in the presence of phenol red in- 
dicator and color controls. As before the volume of precipitate colleeted by 
centrifugation was measured as carefully as possible in pipettes. After the 
smears had been counted, the concentration factors and the percentage effi- 
ciencies were calculated. 

The results of four experiments showed clearly the necessity of producing 
small amounts of precipitate in order to obtain suitable concentration factors. 

The highest concentration factors, average 124, were obtained from the 
minimal floceulations; the values fell progressively with increasing amounts of 
precipitate to an average factor of 56 at pH 8.0. The average percentage effi- 
ciencies indicated that in these experiments approximately 64 per cent of the 
bacilli were colleeted by minimal flocculations, while 83 per cent were collected 
at pH 8.0. The concentration factors and the percentage efficiencies at pH 7.0 
and 7.5 were intermediate. 

These experiments revealed much more comparable results from experiment 
‘0 experiment in the minimal floeculations (pH not restricted to a given point) 
‘han in the portions of urine adjusted to the pH values designated. This result 

ppeared to be explained by the fact that the different urines gave different 
mounts of precipitate at the given pH, possibly because of differing contents 
of the ions to be precipitated. Since the increased precipitation at higher pH 
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values interfered with concentration factors much more than it improved the 
completeness of collection, it beeame apparent that large volumes of urine and 
minimal phosphate flocculation provided the best combination of conditions. 
Considerable attention was given to the possibility of double stage concen- 
trations as a means of further inereasing the volume reduction and the possibility 
of detecting small numbers of tuberele bacilli. The phosphate precipitates, 
collected as deseribed at approximately neutral pH and termed primary precipi- 
tates, were dissolved in an equal volume of 12 per cent sulfurie acid (by vol- 
for thirty minutes (if 


ume). After ineubation of the acid mixture at 37° C. 


for cultivation), the solution was adjusted to grass green (pH about 4.5) in 
the presence of bromeresol green color indicator. A new, smaller precipitate 
(ealled secondary or second-stage precipitate) formed and was collected by 
brief centrifugation. 

TABLE II 


CONCENTRATION FACTORS IN PRIMARY DOUBLE-STAGE 


PHOSPHATE PRECIPITATES 


COMPARISON OF THE AND IN 


CONDITIONS OF PRIMARY DOUBLE-STAGE 








care | 

EXPER, 

NO PRIMARY CONCENTRATION CONCENTRATION 
’ PRECIPITATION FACTORS FACTORS 
] | pH 7.5* x56 x106 
2 | pH 7.5 x60 200 
3 pH 7.5 x66 x254 
4 pH 7.5 x51 x220 
5 pH 7.0 x82 <B5S8 
6 Minimal flocculation x164 K236 

Averages x80 x46 


*It has been shown that higher concentration factors are obtained at lower pH values. 


Table Il shows a comparison of the concentration factors obtained after 
single- and double-stage concentration of a series of urines containing known 
numbers of tubercle bacilli. Since most of these experiments were carried out 
before the importance of minimal flocculation was understood, the values are 
probably lower than those obtainable at the present time. However, the results 
indicate that it was possible to increase the primary degree of concentration by 
about three times, and that this double-stage procedure served the very impor- 
tant function of recollecting the bacilli after precipitates were dissolved in acid 
to kill contaminants. 

During the course of the preceding experiments it was possible to procure 
for practical trial of the methods studied only 17 specimens of urine from 13 
In view of the greater uncer- 
tainty of effective concentration in urines containing pus, these specimens in 
cluded as many purulent samples as could be obtained. It was impossible to 
determine how many of these urines were from kidney disorders other than 
renal tuberculosis. 


persons suspected of having renal tuberculosis. 


Each urine was placed in a large flask that permitted adequate shaking 
during adjustment of the pH to induce a slight phosphate flocculation. The 
urine was then poured into a large (open or separatory) funnel in which th: 
precipitate settled. The sediment was drawn off into a 50 ¢.c. centrifuge tul: 
as it collected. The tube of sediment was centrifuged, the supernatant fluir 
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was discarded, and more sediment was added for packing. Although this pro- 
cedure did not permit collection of the last traces of precipitate, it removed the 
necessity of centrifuging large volumes of urine. After concentration by one 
or more methods the same number of microscopic fields (usually 50 to 100) was 
examined in each concentrate. 

Among the four clear specimens of urine, two were positive for acid-fast 
bacteria. One of these was microscopically negative in the sediments from four 
concentration methods; positive cultures were obtained from the secondary 
phosphate precipitate. The other was microscopically positive in the seeond- 
stage phosphate flocculation, and negative by two other concentration methods. 

Among the 13 purulent urines, three were shown to be microscopically posi- 
tive for acid-fast bacteria. Only one contained large numbers of baeilli. The 
pus collected by direct centrifugation was strongly positive on microscopic 
examination. This urine was then fractionated in order to learn whether the 
preponderance of bacilli occurred in the pus or in the fluid urine. Baeilli in 
the clarified fraction of the urine were rare, being found only in the portions 
whieh were concentrated by primary and by secondary phosphate floceulations. 
The results from three other concentration methods were negative. It appeared 
that purulent sediments could not be disearded in order to avoid the difficulties 
which they caused. One of the remaining positive urines yielded two bacilli 
per 100 microscopic fields following direct centrifugation, and 15 bacilli per 
100 fields following the second-stage phosphate flocculation. The last urine 
(very bloody) was negative in the first-stage phosphate precipitate, but positive 
after carrying out a second-stage proceedure in which chloroform was used as 
the collecting agent. 

In urines containing pus the greatest difficulty was found to be the limited 
possibility of obtaining suitable volume reduction, without which effeetive con- 
centration was impossible. The bulky precipitates, obtained in the presence of 
minimal phosphate floeculations, were treated in a variety of ways designed to 
digest the pus prior to a second flocculation to colleet the bacilli in smaller 
volume. Although these attempts accounted largely for the positive results which 
were obtained, they were not highly satisfactory. Acids dissolved the phosphate 
and not the cells, while strong alkali dissolved the cells but not the phosphate. 
Approximately an equal volume of 2.5 N sodium hydroxide was required to 
bring about appreciable solution of the cells. This combination formed a thick, 
velatinous mass. The subsequent dilution and neutralization of these mixtures, 
logether with the poor volume reduction in the presence of the residual cell 
debris, did not permit achievement of greatly increased concentration. 

From primary phosphate precipitates treated with acid or with alkali, col- 
‘ection of the bacilli with xvlol or chloroform was compared with the results 
obtained by double-stage phosphate flocculation. Although xylol flotation ap- 
wared more hopeful as a means of separating the bacilli from the insoluble 
residues, the degree of concentration was no better than in the bulky debris 
vlleeted by the double-stage phosphate method. The results with chloroform 
‘kewise were not satisfactory, perhaps because this reagent was collected in 
ne bottom of the tubes along with the undissolved residues. 
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DISCUSSION 


rom the studies in the synthetie tuberculous urines it became clear that, 
among the methods studied, the precipitation of a very small amount of phos- 
phate from urine by partial neutralization afforded the most practical and effee- 
tive method of collecting tubercle bacilli. Beeause of the differing amounts of 
precipitate produced at an accurately controlled pH, exact control of this con- 
dition was less useful than the adjustment of the urine to the minimal floeeula- 
tion point. 

Karlier studies? had shown that urate or ‘‘tannie acid’? precipitates could 
not be dissolved or washed by Petroff’s method of direct contrifugation with- 
out losing the majority of the bacilli collected. In the case of the phosphate 
flocculation method, this objection to dissolving precipitates was overcome in a 
procedure that employed reprecipitation of phosphate as a means of recollect- 
ing the bacilli and increasing the degree of concentration. Thus it became pos- 
sible to treat primary phosphate precipitates with acids prior to microscopic 
examination or cultivation. 

Two factors limited the second-stage concentration: (a) the volume redue- 
tion was small compared with that obtained in the first stage; (b) the first 
precipitates were diluted four or five times during the process of dissolving in 
acid and then neutralizing the solution. Thus secondary stage inereases of 
three times over the primary concentration of the bacilli were actually coneen- 
trations of twelve to fifteen times when credit is given for overcoming the effects 
of dilution. In no ease did the phosphate double stage result in loss of con- 
centration. 

SUMMARY 


Among the five methods studied, the most effective means of collecting 
tubercle bacilli from urine was by partial neutralization to obtain a minimal 
phosphate flocculation. The factors influencing the degree of concentration and 
the pereentage of the bacilli collected were investigated. 

Second-stage phosphate precipitations were shown to inerease the concen- 
tration of the bacilli for microscopic examination and to provide a means of col- 
lecting the bacilli after treatment with acids prior to cultivation. 
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A STUDY OF THE GROWTH OF HUMAN TUBERCLE BACILLI ON A 
NONPROTEIN SYNTHETIC MEDIUM* 


Il. J. Corprer, M.D., Pi.D.. Maurice L. Coun, Pu.D., AND CLARENCE BOWER 
DeENVER, COLo. 


T IS well established at present that human tubercle beeilli grown on rela- 

tively poor nutrient media (from the standpoint of composition and of sup- 
porting growth from small plantings) can survive for a long time.’ During 
this period they show certain morphologic changes in structure (¢ytomorphosis? ), 
which parallel the curves of active growth; then pass into relative quiescence 
(or senescence) when certain specific materials are formed and liberated. Within 
the past several decades, the study of the bacilli and their products has been 
simplified markedly by the development of simple nonprotein synthetie media, 
such as those of Long and Seibert, Henley and LeDue, and Wong and Weinzirl, 
to mention only a few. Our own interest originated from the desire for more 
exact studies of the significance of the tubercle bacillus and its products from 
the standpoint of specifie reactions, among which are included mainly specific 
immunity and specific intoxication.* For this purpose, it became pertinent that 
a simple inexpensive medium be utilized and that the products be standardized 
sufficiently to unify the materials used for specific tests, particularly from a 
quantitative standpoint. After exhaustive preliminary trials with various com- 
hinations of essential constituents such as salts, amino acids, glycerol, and glu- 
cose, the Wong-Weinzirl medium‘ was chosen beeause it gave an excellent growth 
within several months with all the human strains of tuberele bacilli tested, was 
easily prepared uniformly, was inexpensive, and was a simple nonprotein 
medium. It proved comparatively nontoxie when injected intravenously into 
animals, especially after the greater part of the glycerol had been utilized for 
erowth by the bacilli. The aims of these experiments primarily were to choose 
a suitable medium for our purpose by comparative tests and to study the eon- 
ditions under which the maximum growth of tuberele bacilli and their liberated 
products occurred, This required studies of the mass of growth at various inter- 
vals, the utilization of some of the important chemical constituents of the me- 
dium, the relation of volume and surface of the medium to growth, and finally, 
the amount of essential products liberated and found in the medium. To a 
minor extent, some of these factors had been studied previously for short peri- 
ods. Seibert.” using Long’s asparagin medium for a maximum interval of 
‘welve weeks, found that the tubereuloprotein content in the medium inereased 
after five to six weeks from 0.1 Gm. per liter to 0.5 Gm. per liter at twelve 
weeks. In 1937 Wong® studied the relation of tubereuloprotein formation to 





*From the Research Department, National Jewish Hospital, Denver. 
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erowth of the culture in various media. He found that on an inexpensive 
elycerol-free synthetic medium (containing glucose as a substitute for glycerol) 
approximately three times as much protein may be obtained as from Long’s 
synthetic medium at the end of six weeks. He concluded that a terminal alka- 
line pH is an important factor in the rapid production of tuberculin. His 


tests ran only to ten weeks in these experiments. 
METHODS 


Culture Bottle-—In earlier studies it was found advisable to use small neck 
bottles for long duration ineubation of liquid media in order to avoid evapora- 
tion of the liquid as far as possible. More recently, with improvement in the 
erade of bottle glass, it was found advisable to take advantage of a previously 
deseribed device,’ the cork inner lined serew cap bottle. On test these showed 
that the cork would dry sufficiently in the upright position to allow easy access 
of air, as tested by actual manometrie side arm attachments, and vet would 
maintain absolute sterility for years. Such a bottle with culture is shown in 
Figs. 2 and 4. These bottles can be obtained in various sizes to give equal sur- 
faces with variable volume content and equal volumes with variable surfaces 
of liquid. 

Tuberculoprotein was determined by trichloracetie acid  preeipitation 
(Seibert). 

Glycerol was determined colorimetrically by the Kolthoff method (modified 
for our purposes). To 5 e.c. of the solution, 2 ¢.c. 4 N phosphorie aeid and 3 per 
cent potassium permanganate are added. After ten minutes 1 ¢.c. of 10 per cent 
oxalie acid solution is added and agitated. The solution becomes light brown in 
color in one to two minutes; then 1 ¢.e. of dilute sulfurie acid and 5 e.e. of 
Schiff’s reagent are added. <A red violet color appears and is compared with a 
standard glycerol solution similarly treated. 

Glucose was determined by the Folin and Wu method for reducing sugars. 

The bacillary mass was determined by filtration through a Buehner funnel, 
washing thoroughly to free from adhering salts and drying to constant weight 
at 100° C, 


RELATION OF VOLUME AND SURFACE OF MEDIUM TO GROWTH OF TUBERCLE BACILLI 


In 1934 Dorset and Henley® stated that ‘‘the time required for the cultures 
to reach full growth is influenced not only by the relation between the volume 
and surface area of the medium’’ (a nonprotein asparagin, dextrose, glycerol 
medium was used) ‘‘but also by the amount of medium in the eulture flask, 
even though the same ratio between volume and surface area be maintained. 
Kor example, cultures planted on 100 ¢.c. of medium with a surface area of 
approximately 60 sq. em. will reach full growth approximately 2 weeks earlier 
than cultures planted on 200 ¢.c. of medium with a surface area of 120 sq. em.”’ 
This information was not sufficient to determine the optimum liquid volume to 
be used, in the liter or any other size bottle, for obtaining the maximum growth 
of tubercle bacilli at the desired period of about three months. In order to 
elucidate this more fully, various size and eapacity serew cap bottles, from 8 
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ounees (237 ¢.¢.) to 1 gallon (3,785 ¢.¢.), surface areas from 20 sq. em. to 154 
sq. em., were filled with varying amounts of Wong-Weinzirl medium. After 
three months’ ineubation at 37.5° C. the bacillary mass was determined, and 
the largest volume for each flask giving a maximum erowth for that volume was 
plotted against the surface area of the medium. The resultant eurve is given 


in Fie. 1. 


VOL. 
in, 
c.c. 


400 F e 


300F 


100} 





‘ " + 





20 40 60 BO 100 120 140 T60 3Q. CM. 
8 02. 16 OZ. 1 QT. # GAL. 1 GAL. 


Fig. 1.—The optimum volume of Wong-Weinzirl culture medium with regard to suréace area 
required for a maximum growth of human tubercle bacilli at three months. 

An examination of Fig. 1 shows a definite relationship between the volume 
of liquid and its surface in obtaining the maximum growth of human tubercle 
bacilli at the three-month interval. It is significant that the more nutrient 
medium placed in the bottles in excess of that reeorded in the graph, the more 
time required for the maximum growth of the tubercle bacilli. For instanee, 
1,200 ec. of medium in the 1 gallon bottle requires five months to attain maxi- 
tuum bacillary mass growth instead of three months needed for the 800 ¢.e. of 
medium. This curve is valuable since the optimum volume of liquid to give 
iNaximum growth in three months can be determined with a known surface of 

iedium, 
ANALYSIS OF CULTURES AT VARIOUS INTERVALS OF GROWTH 


In order to obtain an insight into the relationship between the growth of 

i¢ human tuberele bacilli on the Wong-Weinzirl medium and the changes in 

'.e medium itself so far as some of the important constituents were concerned, 

\itures of various ages and of different initial volumes of nutrient medium with 

aximum growth of the bacillary mass were analyzed. The signifieant results 
re recorded in Table I. 
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These results indicate that the growth of human tubercle bacilli averages 
about 1 Gm. of dried bacillary mass per 100 ¢.¢. of medium and that the mass 
weight deereases gradually in the sueceeding months following maximum growth. 
The tubereuloprotein content of the medium is a factor of the age of the culture. 
The glycerol consumption of the growing human tubercle bacilli is a constant 
(about 5 Gm. per 100 ¢.¢.) with relation to the maximum growth. On the other 
hand, the glucose consumption was smaller in the Wong-Weinzirl medium, about 
0.3 to 0.6 Gm. per 100 ¢.e. being used during the process of attaining maximum 
growth. Following maximum growth of the human tubercle bacilli on the 
Wong-Weinzirl medium, a fluid remains which varies in tubereuloprotein con- 
tent with age and whieh still contains 1 per cent glycerol and about 0.5 to 0.8 
per cent glucose. The pll also ranges from about 6.0 to a final 7.0 after six 


months’ incubation at 37.5° © 





Fig. 2.—The growth of avirulent human tubercle bacilli at seven weeks on buffered salts 

Gm. ammonium citrate, 2 Gm. sodium carbonate, anhydrous, 6 Gm. monopotassium acid 

hosphate, 1 Gm. magnesium sulfate, 0.05 Gm. ferric ammonium citrate, 1 liter distilled water) 

ontaining different proportions of Wong-Weinzirl medium, Bottles from left to right: full 

trength Wong-Weinzirl medium, 2 per cent, 1 per cent, 0.5 per cent, and 0.1 per cent. Note 

growth down to 1 per cent. Similarly, 1 per cent glycerol alone with the salt mixture gives 
ippreciable growth. 


THE FORMATION OF TUBERCULOPROTEIN 


In order to study in more detail the formation of tuberculoprotein from 
¢ bacillary mass and liberation into the liquid medium, the liquid medium was 
phoned off aseptically at various periods after growth of the bacilli had begun, 
nd the liquid was replaced by a volume equal to that removed of a buffered 
cutral salt mixture, essentially the Wong-Weinzirl medium without dextrose, 
veerol, and ammonium malate (consisting of 5 Gm. ammonium citrate, 6 Gm. 
onopotassium acid phosphate, 2 Gm. anhydrous sodium carbonate, 2 Gm. 
iddium chloride, 1 Gm. magnesium sulfate, 0.05 Gm. ferric ammonium citrate, 
id 1,000 ¢.c. distilled water). This neutral salt mixture was used for two 
asons: first, that it was almost identical in composition and reaction to the 
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original nutrient Wong-Weinzirl medium; and second, it would not support the 
erowth of the human tuberele bacilli regardless of the usual amount of plant- 
ing. However, after two weeks a perceptible additional growth had taken place 
on the surface of the liquid which, when shaken down, would again be replaced 
hy a small growth after another two weeks. It was found later in a graded con- 
trol test, as a check upon the foregoing experiment, that as little as 1 per cent 
of the Woneg-Weinzirl medium added to the nonnutrient salt mixture was suffi- 
cient to support in small amounts the growth of human tuberele bacilli (see 
Fie. 2). In further tests it was also found that a small amount of growth oe- 
eurred when 1 per cent e¢lyeerol was added to the nonnutrient salt mixture. 
The factors of probable growth-stimulating material present in the large mass of 
tubercle bacilli, as well as a small amount of adsorbed nutrient solution whieh 
could not be removed adequately, preeluded the use of this method for studying 
the formation of tubereuloprotein (by decomposition of the baeilli) without the 
complicating factor of new growth occurring, 


TABLE II 


pH AND TUBERCULOPROTEIN LIBERATED IN CULTURES OF VIRULENT HUMAN TUBERCLE 
BAcILLE (pH 7) ON WonG-WEINzIRL MEDIUM 


rUBERCULOPROTEIN MG. PEK 


AGE IN WEEKS pry pH COLOR OF CULTURE LIQUID 
t 0.03 6.4 Light vellow 
6 0.05 6.5 Light yellow 
8 0.18 6.6 Light vellow 
10 0.30 6.6 Light yellow 
13 O38 64 Golden 
14 O39 OS Golden 
16 0.46 oo Golden 
IS 0.31 6.6 Golden 
1S 0.43 7.0 Light gold 

»() 0.64 7.0 Dark gold 
) 0.62 7.0 Light gold 
22 0.54 6.5 Dark gold 
24 0.58 7.2 Dark gold 
26 0.55 7.0 Light brown 
28 0.54 7.1 Light—brewn 
30 0.50 7.4 Golden 

32 0.73 7.2 Light brown 
32 0.68 7.0 Dark gold 
od 0.55 7.0 Light brown 
36 0.57 7.1 Light brown 
38 0.65 7.0 Light brown 
10) 0.68 6.9 Light brown 
9 0.53 OS Dark gold 

2 O.SS 7.0 Light brown 
14 0.90 7.0 Dark brown 
14 0.74 7.3 Golden 

16 0.75 7.0 Dark brown 
48 0.95 7.0 Dark brown 
$8 0.65 7.0 Light brown 
50 0.80 7.0 Dark brown 
52 0.65 7.0 Dark brown 
58 0.77 7.0 Dark brown 


*The tuberculoprotein determinations were made on the centrifugate to avoid adsorptio! 
removal by filtration. 


We found data in the literature on tuberculoprotein formation only for 
intervals up to twelve weeks from the time of the planting of the bacilli. Ih 
order to obtain more information the tests were extended far enough to deter 
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mine completely whether age is the predominating factor in the liberation of 
tubereuloprotein, and our experiments were carried on for fifty-eight weeks. 
It has been our practice to plant a number of quart bottles of Wong-Weinzirl 
medium (containing 500 ¢.c. of medium) at weekly periods with various strains 
of virulent and avirulent human tubercle bacilli. These bottles were analyzed 
after various periods of incubation, starting at four weeks and continuing at 
two-week intervals thereafter up to fifty-eight weeks. The results of these 
analyses for tubereuloprotein and the pH are recorded in Table Il. The tuber- 
culoprotein curve is plotted in Fig. 3. 

An examination of the data recorded in Table IL and Fig. 3 reveals that 
the liberation of tuberculoprotein into the liquid medium may vary within a 
relatively wide range for individual tests for both virulent and avirulent human 
tuberele bacilli. As a whole, however, it tends to inerease with age to a maxi- 
mum of about 0.5 to 1.0 mg. tuberculoprotein per cubie centimeter. It is sig- 
nificant that none, or very little, tubereuloprotein is found in the liquid medium 
during the active stage of growth of the bacillarvy mass. There seems to be 
little correlation between plL or color of the liquid and the tubereuloprotein 
content. 

TABLE III 


RELATIONSHIP BETWEEN AGE, BACILLARY MASS, AND TUBERCULOPROTEIN LIBERATED BY 
CULTURES OF VIRULENT HUMAN TUBERCLE BACILLI ON THE WONG-WEINzZIRL MEDIUM 


AGE OF CULTURE IN LOSS BY EVAPORATION t WEIGHT IN GM, OF | WEIGHT IN GM, OF 


MONTHS* From 500 ¢.c. DRIED BACILLI | TUBERCULOPROTEIN 
l 2 2.94 T= ae 
» 2) 4.29 0.06 
3 S5 5.10 0.16 
4 90) 4.58 0.19 
5) 110 $.53 0.17 
6 SO 3.35 0.39 
7 70 3.55 0.17 
8 SO 3.26 0.57 
9 100 3.14 | 0.24 
10 60 | 3.14 | 0.33 
11 60 2.68 0.56 
12 90 2.97 0.32 

13 SO 3.02 0.27 
14 90 3.05 0.35 
16 60 2.44 0.36 





*There appears to be no definite correlation between the color and the age of culture or 
tuberculoprotein content of the medium. 
+All the cultures recorded in this table were grown on 500 ¢.c. of medium in narrow neck 
rew cap 1 liter (quart) bottles. 
tAll cultures were neutral or slightly alkaline (pH 7 to pH 7.4) except those prior to 
two months, which were usually about pH 6.5. 


In a further experiment to show the correlation between the weight of bae- 

ry mass (as dried weight of bacilli), the age of the culture, and the amount 

0! tubereuloprotein in the liquid media at various ages, these determinations 
Were made on a series of 1 quart (1 liter) culture bottles containing 500 e@.e. of 
Wong-Weinzirl medium. The experiment was carried for over a year. The 


indings in this test are recorded graphically in Table IIT. 

In general, the results recorded in Table ILL indieate that the maximum 
ss of culture from the growth of virulent human tubercle bacilli on the sim- 
pl Wong-Weinzirl nonprotein medium under the conditions outlined here is 
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Fig. 3.—Liberation of tuberculoprotein by human tubercle bacilli in Wong-Weinzirl medium. 





Fig. 4.—The growth of virulent human tubercle bacilli on 500 ¢.c. of Wong-Weinzirl non- 
protein medium in 1 liter bottles. Note the growth of bacillary mass on the medium in tle 
left hand bottle after three months’ incubation (the medium was pale yellow in color) and the 
visible shrinkage of the bacillary mass in the right hand bottle at sixteen months’ incubation 
(the medium was perceptibly darker). 
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attained at about from two to three months’ ineubation period. After that 
time no appreciable growth occurs, and there is a visible shrinkage in bacillary 
mass (Fig. +) paralleling the loss in weight of bacillary mass up to the sixteen- 
month interval. (The same is true for avirulent human tuberele bacilli.) The 
loss in mass may approach almost 50 per cent of the weight. The liberation of 
tubereuloprotein into the medium does not begin appreciably until growth has 
practically ceased, does not account for the total loss in bacillary mass, and is 
erratie to some extent, but shows an approximate maximum figure in about six 


to ten months at incubator temperature. 
SUMMARY AND CONCLUSIONS 


1. There is an optimum volume of nutrient medium (Wong-Weinzirl) re- 
quired for the maximum growth of human tuberele bacilli (three months after 
planting) for a definite surface area. 

2. Analysis of cultures of human tuberele bacilli in bottles of various sizes 
and surface areas with various volumes of nutrient medium (Wong-Weinzirl ) 
showed that the glycerol consumption was a constant (about 5 Gm. being 
utilized per 100 ¢.¢. medium) after maximum growth had been obtained. Com- 
paratively smaller amounts of glucose were utilized, and the tubereuloprotein 
content, though variable, increased with the age of the culture. 

3. Growth requirements for the human tuberele bacillus (heavily planted) 
are not great in a buffered neutral salt mixture (essentially Wong-Weinzirl 
medium without glycerol, glucose, or ammonium malate). As little as 1 per 
cent Wong-Weinzirl medium or 1 per cent glycerol added to the salt mixture 
will support the growth of human tuberele baeilli. 

4. The tuberculoprotein present in the liquid medium is not appreciable 
in 500 ¢.c. volume of Wong-Weinzirl medium in 1 liter bottles until after maxi- 
mum growth of human tuberele bacilli has been approached at about two to 
three months after planting. The liberation of tubereuloprotein into the liquid 
medium increases to a maximum with the aging of the bacillary mass up to from 
six to ten months, and probably is a product of autolysis of the baeilli. 
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TECHNIQUE FOR PRODUCING CAROTID LOOPS IN) DOGS* 
Mervin J. Rumoup, M.D... KANSAS Crry, KAN. 


HE determination of systolic blood pressures in experimental animals ma) 

he made satisfactorily over long periods of time by the use of the carotid 
loop. Van Leersum! described a method employing its use, but its construction 
was associated with a high morbidity and mortality rate. Child and Glenn? 
later reported a modification of the van Leersum method that gave a higher 
percentage of successes. The purpose of this paper is to present in detail still 
another modification of the van Leersum carotid loop in dogs, which, in our 
experience, has proved satisfactory. 

The size and age of the dog are not important. Animals with long necks and 
animals with considerable loose skin on the ventral surface of the neck are better 
specimens for the operation as the skin ean be pulled together with less tension. 
The skin of the animals should be smooth and free from disease. 

The operative site is prepared by shaving the neck after lathering it well 
with soap and water. Excess soap is removed with ether and alcohol. It is best 
to shave the necks of animals just before the operation. If the shaving is done 
the day before operation, numerous infected papules appear over the skin sur 
face. Operation in the presence of infection usually ends in disaster. Child 
and Glenn suggest the use of the Sehick Dry Shaver. 

The dog is next anesthetized with ether and transferred to the operating 
table. His legs are securely tied to the table. A half roll of toweling paper is 
placed under the neck to elevate the operative field. The prepared skin is then 
painted with 7 per cent tincture of iodine, which is allowed to oxidize for thirty 
seconds before being removed with aleohol. The operative field is draped wit! 
four sterile towels. 

it is essential that the incisions for the skin flap be made along the course of 
the earotid artery. It is also important that the skin flap be wide enough so 
that when the edges are sutured together around the exteriorized carotid arter) 
there will be no necrosis when postoperative edema develops. 

The first incision is made just lateral to the midline of the trachea. The 
incision starts 1 em. below the thyroid cartilage and extends caudalward and 
slightly obliquely lateralward to a level of 2 em. anterior to the sternal note. 
The lateral incision is the same length and parallels the medial incision. The 
two incisions should be about 2 to 2.5 em. apart, depending upon the size of the 
animal. The skin flap is now undermined throughout its entire length from tlic 
subeutaneous tissue. The superficial external jugular vein is exposed where it 

*From the Hixon Laboratory of Experimental Medicine, University of Kansas Medic! 
School, Kansas City. 
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lies beneath the skin flap. An incision is made just medial to the course of the 
external jugular vein through the platysma and_ sternocleidomastoid muscles, 
splitting the museles for a distance equal to the length of the skin incisions. 
The earotid sheath containing the common carotid artery, the internal jugular 
vein, and the vagus nerve will be found lying just beneath the sternocleido- 
mastoid muscle and lateral to the trachea. The common carotid artery is sepa- 
rated from the rest of the structures of the carotid sheath by careful blunt and 
sharp dissection throughout a distance of a little greater than the length of 
the skin flap. 





Fig. 1. 


The common earotid artery is lifted from its bed and surrounded by the 
skin flap. The edges of the skin flap are sutured around the artery by a sub- 
cuticular No. 1 chromie catgut stitch. This procedure is best done by a large 
thin eurved eutting needle. 

The next step in the operation is very important. Two button retention 
silk sutures are placed through the skin and subcutaneous fascia at each extrem- 
ty of the skin flap in order to relieve the skin tension at the ends of the new 
ormed loop, permitting union at these two vital points. Separation of the skin 
dges of the ends of the loop predisposes to infection, thrombosis, and hemor- 

lage. We have not had a single separation or failure since using these reten- 
‘ion sutures. They are removed the eighth or tenth postoperative day. 

The muscle incision is now closed with three interrupted equally spaced 
romie catgut sutures. The medial and lateral skin incisions are sutured to- 
ther with a subeuticular No, 1 chromic catgut suture. The suture lines are 
inted with 2 per cent gentian violet solution. 

The type of dressing and the postoperative care of these animals is very 
iportant. <A strip of gauze is inserted under the loop, and two gauze rolls 
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are placed parallel to it in such a manner as to prevent its being crushed. Two 
pieces of gauze bandage are then placed over the loop whieh is held in position 
by 10 to 12 layers of gauze wrapped around the neck covering the operative 
site. Three 1 inch strips of adhesive tape are placed around the neck to hold 
the dressings. The dressings are changed every other day, and any seeretions 
around the loop are removed with a little soap and warm water. The incisions 
are again painted with 2 per cent gentian violet solution, and the same type 
of dressings is applied. These dressings usually ean be discontinued after the 
eighth postoperative day. By the tenth day the postoperative edema has usu- 
ally subsided so that the loop may be used for blood pressure readings. 
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A STABLE CAPILLARY GLASS ELECTRODE FOR MEASURING TILE 
PH OF LIVING TISSUK* 


(iorDON H. Batt, Pu.D., Los ANGELES, CALIF. 


NUMBER of improvements have been made during the past few vears in 

systems of amplification and of inereased stability for glass eleetrodes of 
high resistanee.’: 2° ?°'?) Unfortunately, some of these modifications have re- 
sulted in considerable increase in the complexity of the system, and have de- 
manded elaborate shielding, resulting more than often in a very expensive 
piece of equipment. 

In 1936 Skow and Wynd described a nul-point apparatus of considerable 
simplicity and cheapness, which appeared to be well suited for use with eapil- 
lary glass electrodes of high resistance of the type to be described presently. 
With a few minor modifications the amplifying system used here was that de- 
scribed by Skow and Wynd. With this apparatus the major part of the equip- 
ment ean be enclosed in a grounded metal box, 12 inches by 7 inches by 6 inches. 
As the system was finally set up, the lead to the glass electrode was practically 
the only external source of instability. Fairly simple shielding, and a few ele- 
mentary precautions took care of this diffieultv. The lead consisted of shielded 
metal cable. All measurements were made from a separate table, from which 
the cable was supported, where necessary, by rubber bands hanging from wooden 
clamps. It is important that this lead does not, either direetly or indireetly, 
touch the table carrying the amplifying system. 

A bakelite support was used for the eleetrode holder. The buffers used or 
the animals tested were placed on a small dissecting board with bakelite feet, 

*From the Department of Zoology, University of California, Los Angeles. 
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whieh, in turn, rested on a flat sheet of bakelite. After this part of the appa- 
ratus was placed in a wooden box, no further shielding was necessary. The 
electrodes could thus be manipulated in an animal without the operator being 
hampered by metal cages or other screening. Undoubtedly, the fact that the 
work was carried on in a small, partially enclosed, inside room of a eonerete 
building aided in dispensing with elaborate shielding. Even with the grid hane- 
ing free, actual physieal contact with the wire was necessary to deflect the 
valvanometer. 

In the past one of the interferences with the use of the eapillary glass 
eleetrode has been the presence of a ‘deviation film?’ on the unimmersed_ por- 
tion of the capillary. A large number of substances, such as asphaltum, de 
Khotinsky cement, ceresin, ete., have been used by various workers to eliminate 
this source of error, but none of them are of more than temporary value, sinee 
fluid soon penetrates beneath the insulating layer. 





In 1935 Varney’ deseribed a double-shank glass electrode of the bulb type. 
It occurred to me that a somewhat similar glass shield might be made for the 
capillary electrode, thereby eliminating completely the *‘deviation film.’’ After 
considerable experimentation the laboratory glass blower succeeded in prepar- 
ing capillary electrodes, similar to the one shown in Fig. 1. Briefly, the pro- 
cedure was as follows: A spindle was drawn on the outer tube. The inner 
tube was inserted and fastened firmly at the upper end by cork or de Khotinsky 
cement. With the latter an air outlet was provided. A closed ring seal was 
made at the bottom. The spindle was allowed to cool, and then reheated with 
a fine flame to draw out the capillary. 

Using an ordinary vacuum pump, the capillary was filled with one-tenth 
normal hydrochloric acid, saturated with quinhydrone. Then, by keeping the 
fluid in the eapillary under slight pressure during the process, and using an 
oxygen flame, capillaries 50 to 60 mm. in length could be sealed with fluid down 
io the very tip. Longer eapillaries were more sensitive and less easily broken, 
but for the experimental work in hand, namely, determination of the pIL of 
the rat intestine, a capillary 20 to 25 mm. in length proved most suitable. The 
‘apillaries were from 40 to 50 » outside diameter and from 20 to 30 , inside 
diameter. Before use scaled capillaries were brought to equilibrium by soaking 
‘hem for twenty-four hours in one-tenth normal hydrochloric acid saturated 

ith quinhydrone; they were kept in this solution whenever they were not 
cing tested. 

Satisfactory electrodes, calibrated with standard buffers over the ranges 
sed (pH. 5.5 to pH. 7.8), gave linear graphs (Fig. 2) and showed a voltage differ- 
ice of from 40 to 50 my. for one pHL unit. Calibration was made at 37.5° C. 
Vith the apparatus already deseribed, both the entire calomel half cell and the 
ass electrode could be brought to any desired temperature. Gradual changes 
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in the composition of the glass resulted in a slow alternation of the eleetrode 
readings. This usually amounted to 5 or 6 my. over the course of as many days; 
consequently, recalibration was advisable every two or three days. With a good 
electrode and the system of amplification described above, it was possible to 


make readings accurately and rapidly to a difference of 0.0025 pH units. 


~0,!60 


eK 276" 


—0,020 


0,000 es . 


*- 


Due to the elimination of the deviation film, these electrodes showed a high 
degree of stability after reaching equilibrium. In one series of readings of a 
buffer kept at a constant temperature, the electrode showed no demonstrable 
difference in reading, that is, a variation greater than 1/10 my. over a_ period 
of three hours. Another electrode over a period of six and one-half hours gave 
the following readings for one buffer at a constant temperature: 


TIME POTENTIOMETER READING—VOLTS 
9:93 pM.  ~6=0,0057 
4:27 P.M. —0.0051 
4:35 P.M. —0.0050 
9:00 P.M. —0,0060 


This stability is illustrated also in the reproducibility, using the same series 
of buffers twice over and in a different order. Such a series is shown in Table | 
The maximum deviation was 1.7 my. or less than 0.05 pH. 

An electrode of this type can be used for the determination of the hydrogen 
ion concentration of living tissue with a minimum disturbance of the organism 
Although the electrode may be inserted into a living cell, the effeet of suel 
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TABLE T 


RUFFER pH | TIME INTERVAL | FIRST READING | SECOND READING | DIFFERENCE 
| BETWEEN READINGS VOLTS VOLTS IN MV. 
5.57 1 hour 0.0555 0.0551 0.4 
6.25 1 hour 5 minutes | 0.0257 —0).0274 i Pe | 
6.48 2 hours —0.0165 | 0.0148 1.5 
6.99 —41 minutes +0.0045 0.0056 11 
7.0 1 hour 45 minutes! tO.0175 HO.0165 | 1.0 
7.46 1 hour 18 minutes! 0.0259 +H0.0238 0.1 


penetration, as Chambers and Pollack® have shown by means of indicators, is to 
alter the intracellular pH. The electrode is particularly useful for insertion 
into natural cavities, sueh as the lumen of the digestive tract, where it may be 
used to determine the pH of adjacent areas or of limited regions of the tract. It 
can also be used to determine the pI of different parts of small animals where 
the bulkier bulb-type electrode would not be suitable. 


SUMMARY 


A stable capillary glass electrode is deseribed in which the ‘‘deviation 
film’’ is completely and permanently climinated. No elaborate shielding is 
necessary, and comparatively simple amplification systems can be employed. 
The electrode can be used to determine the hydrogen-ion concentration of very 
small areas of living tissue. 
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DETERMINATION OF TOTAL AND FREE CHOLESTEROL IN 
BLOOD SERUM®* 


IRVING ALLAN Kaye, A.B., M.Sc., BRookLyn, N. Y. 


N 1936 Drekter, Sobel, and Natelson' published a paper in which they men- 

tioned a method for the determination of free cholesterol wherein free choles- 
terol is precipitated with digiton'n in an 80 per cent aleoholie medium, and is 
determined colorimetrically by the procedure of Schoenheimer and Sperry.* 
This method has been in use in the chemical laboratories of this hospital for 
over three years. During this time several modifications have been introduced 
which simplify the method further and increase its aceuraey. The purpose of 
this communication is to describe this method in greater detail, together with 
the suggested improvements, and to present, in addition, a rapid colorimetric 
method for the estimation of total cholesterol. 

Total cholesterol is usually determined by the same procedure as is used 
for free cholesterol after saponification of cholesterol esters. This procedure, 
though theoretically sound, is usually very lenethy. To obviate this diffieulty 
the colorimetric reaction of Liebermann and Burchard was applied direetly to 
the lipid extract of cholesterol and cholesterol esters, in spite of the facet that 
Yasuda* proved that the latter give a proportionately deeper color than free 
cholesterol. However, the percentage of free cholesterol in normal individuals 
was found to be remarkably constant and of the same order of magnitude as 
that reported by experimenters who employ the Schoenheimer and Sperry? 
technique using saponification. This reason, and above all, its simplicity and 
rapidity, justify the presentation of this method. 

Cholesterol and its esters are extracted at room temperature by a large 
volume of aleohol-ether solution. After centrifugation the supernatant liquid 
is decanted and evaporated to dryness. Total cholesterol is then determined 
by adding a solution of acetic anhydride and chloroform, followed by eoneen- 
trated sulfuric acid, directly to this residue. The deep green color whieh devel 
ops is compared with a suitable standard in a microcolorimeter. The simplicity 
and rapidity of this method are due mainly to the elimination of the time-con 
suming transfers usually necessary when other procedures are followed. In 
addition, a stable solution of cholesterol in acetic anhydride has been substi 
tuted for the usual standard in chloroform. 

The free cholesterol in the aleohol-ether residue is determined by precipita 
tion as the digitonide in 80 per cent aleohol. After the precipitate is washed 
free of esters with ether, it is dissolved in glacial acetic acid and determined 
colorimetrically, using as standard a solution of cholesterol and digitonii 


*From the Pediatric Research Laboratory, the Jewish Hospital of Brooklyn. 
Received for publication, September 23, 1939. 
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in acetie acid and acetie anhydride. This solution eliminates the necessity of 
comparing the unknown with known amounts of cholesterol carried through the 
entire procedure. 

In this procedure somewhat larger amounts of serum are used than in the 
Schoenheimer and Sperry method because no photoelectric colorimeter or pho- 
tometer was available. However, since few elinieal laboratories are equipped 
with these expensive instruments and sinee small amounts of serum are used 
withal, these procedures may be followed wherever a rapid accurate procedure 
is desired for the determination of free and total cholesterol. 

The method may be used to advantage wherever a complete lipid frae- 
tionation on serum is desired. The extraction method of Sehoenheimer and 
Sperry with aleohol-acetone reagent cannot be used here because of the relative 
insolubility of some lipids in this medium, especially phosphatides, whereas 
extraction with Bloor’s aleohol-ether mixture is an aecepted procedure. The 
weighed lipid residue may be dissolved in cold benzene, and free and_ total 
cholesterol may be determined on aliquots of this solution after evaporation of 
the solvent at 60° C, 


METILOD 


Reagents.—1. Total cholesterol standard. 

One hundred milligrams of pure dry cholesterol are dissolved in 250 ¢.¢. of 
acetie anhydride (1 ¢.c. = 0.4 meg. of cholesterol). 

By comparison from time to time with equal amounts of pure cholesterol, 
this solution has been found to be stable for at least eight months. 

2. Digitonin solution in glacial acetie acid. 

Dissolve 175.6 me. of digitonin in a little glacial acetie acid. Warm to 
60° (. to hasten solution, cool, then dilute to 100 @.¢. with the same solvent. 
This solution is stable for at least a vear. 

3. Free cholesterol standard. 

To 25 ¢.ec. of the total cholesterol standard add 25 ¢.e. of the digitonin solu- 
tion in glacial acetie acid and 25 ¢.c. of acetic anhydride. Mix well in a glass- 
stoppered bottle (3 ¢.¢. = 0.4 mg. of cholesterol). This solution has been found 
to be stable for at least one vear. 

4. Digitonin solution, 0.5 per cent. 

Dissolve 500 me. of digitonin in 100 ¢.e. of 50 per cent aleohol (55 @.e. of 
95 per cent aleohol and 45 ¢.c. of distilled water) at 60° C. This solution is 
stable for at least four months. 

5. Aleohol-ether solution. 

Add 750 ¢.e. of 95 per cent aleohol to 250 e.c. of ether. Keep in a cool place 
in a glass-stoppered bottle. 

6. Aleohol, 95 per cent. 

7. Coneentrated sulfurie acid. Baker’s C. P. product was used and kept in 
. small dropping bottle. 

8. Glacial acetie acid, ether, acetic anhydride, and chloroform. Baker’s 
CU. P. products were used. 
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9. Acetie anhydride-chloroform solution. This reagent must be prepared 
immediately before use or stored in a refrigerator for a period not greater than 
two weeks. For each 10 ¢.c. of acetie anhydride add 20 ¢.e. of chloroform. 

Total Cholesterol—Twelve eubie centimeters of alcohol-ether solution are 
added in a rapid stream to 0.2 ¢.c. of serum in a 15 ec. test tube. <A finely 
divided protein precipitate is formed which is easily packed on centrifugation. 
After centrifuging for three minutes at 2,000 r.p.m., the supernatant liquid is 
decanted into a 25 ¢.c. Erlenmeyer flask and evaporated just to dryness on a 
water bath.* When it is thoroughly dry and cool, 3 ¢.c. of the acetic-anhydride- 
chloroform solution are added, followed by 2 drops of concentrated sulfurie 
acid. The contents of the tube are thoroughly mixed, stoppered, and set aside 
for ten to fifteen minutes for color development. The standard is prepared at 
the same time by adding 2 ¢.c. of chloroform to 1 ¢.c. of the cholesterol stand- 
ard in acetie anhydride. Two drops of sulfuric acid are added, mixed, and the 
color is permitted to develop out of direct light for ten to fifteen minutes. The 
colors are compared in a microcolorimeter. 

Free Cholesterol_—Twenty-five eubie centimeters, of aleohol-ether solution 
are added in a rapid stream to 0.5 ¢.c. of serum in a 30 ec. test tube. After 
centrifugation at 2,000 r.p.m. for three minutes, the supernatant liquid: is de- 
canted into a 50 ee. beaker and evaporated to dryness on a water bath. The 
lipids are transferred quantitatively to a 15 ¢.¢. centrifuge tube with three 
2 ¢.e. portions of ether. The ether is evaporated to dryness by placing the test 
tube in a container of warm water. Two cubie centimeters of 95 per cent aleo- 
hol are added, and the test tube is stoppered and placed in an oven or water 
bath at 60° C. for about thirty minutes. One eubie centimeter of digitonin 
solution is then added, and the contents of the tube is thoroughly mixed. The 
test tube should be left at room temperature for at least three hours before 
being centrifuged for ten minutes at 2,000 r.p.m. The supernatant liquid is 
aspirated, and the precipitate is suspended in 3 ¢.c. of ether. After centrifug- 
ing for five minutes, the supernatant liquid may be decanted without fear of 
disturbing the precipitate. The precipitate is washed onee more with ether, 
dried at 60° C., and dissolved in 1 e.c. of glacial acetic acid at the same tem- 
perature. After cooling to room temperature, 2 ¢.c. of acetic anhydride and 
4 drops of concentrated sulfurie acid are added. The solution is mixed well 
and set aside for twenty-seven minutes out of direct light for color develop- 
ment. Color comparisons are made in a microcolorimeter with a standard pre- 
pared at the same time by adding 4 drops of concentrated sulfurie acid to 3 ¢.c. 
of the digitonin-cholesterol solution. 


Calculation— 


Total cholesterol: 
Reading of standard 





Mg. per 100 e.e. ~ mg. of cholesterol in the standard x 500 


Reading of unknown 
Free cholesterol: 

Reading of standard 
Reading of unknown 





Mg. per 100 e.e. x mg. of cholesterol in the standard x 200 





*Overheating of the dry residue must be avoided. For this reason, the last traces of 
solvent are sometimes evaporated in a water bath or oven at 60° C., 
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RESULTS 


The results of a large number of determinations carried out under routine 
analytical conditions, without too much emphasis on technique, are presented in 
Table I. An alcoholic solution of cholesterol was added to the lipid extraet of 
blood serum, and the solvent was evaporated. The procedure from this stage 
on was the same as is deseribed under the procedure for free cholesterol, In 
addition, a pure solution of cholesterol in 95 per cent alcohol was treated with 
digitonin, and the amount of cholesterol digitonide found by the same  pro- 
cedure. The results in Table I were accumulated during the past two vears in 
our laboratories where it is a routine practice to cheek on the validity of meth- 
ods and reagents. 

TABLE I 


RECOVERY OF FREE CHOLESTEROL BY THE DIGITONIN METHOD 


NATURE OF NUMBER | AMOUNT OF MEAN AVERAGE =| STANDARD 
anceueae OF DETER- |CHOLESTEROL| AMOUNT DEVIATION | DEVIATION 
MINATIONS ADDED | RECOVERED | FROM MEAN| OF MEAN 
Cholesterol added to lipid 1 0.400 mg. | 0.3906 mg. +O.0131 ~ O.01583 
extract 
Cholesterol added to lipid 20 0.200 mg. | 0.2004 mg. + 0.0094 0.0127 
extract 
Pure solution 152 0400 mg. | 0.389) me. + (),0107 0.0131 


In Table IT are presented results carried out under research conditions, 
with more attention to details. While these results are superior to the former, 
it is apparent that the method is fairly aeeurate even when carried out under 
the conditions found in the average clinical laboratory. 


TABLE II 
REPRESENTATIVE RECOVERIES OF FREE CHOLESTEROL By THE DIGrIroNIN METHOD 


AMOUNT OF AMOUNT 


NATURE OF RECOVERY 

CHOLESTEROL ADDED | RECOVERED 
Cholesterol added to lipid residue 0.400 mg. 0.396 mg. 
Cholesterol added to lipid residue 0.400 mg, 0.590 mg. 
Cholesterol added to lipid residue 0.400 mg. 0.410 mg. 
Cholesterol added to lipid residue 0.400 me. 0.396 meg. 
Cholesterol added to lipid residue 0.200 meg. 0.204 meg, 
Cholesterol added to lipid residue 0.200 mg. 0.199 meg. 
Cholesterol added to lipid residue 0.200 mg. 0.195 mg. 
Cholesterol added to lipid residue 0.200 mg. 0.199 mg. 
Pure alcoholic solutions of cholesterol 0.400 mg. 0.400 mg. 
Pure alcoholic solutions of cholesterol 0.400 mg. | 0.400 mg. 
Pure alcoholic solutions of cholesterol 0.400 mg, | 0.598 me. 
Pure aleoholie solutions of cholesterol 0.400 mg. 0.394 meg. 


In Table IIL are listed the results of 25 analyses on normal individuals. It 

s to be noted that while the absolute amounts of total and free cholesterol by 

iis procedure are variable, the percentage of free cholesterol in the total cho- 

lesterol is fairly constant. Sperry‘ in his studies observed that his percentages 

ere slightly higher, varying from 24.3 per cent to 30.1 per cent. This is prob- 

ibly due to the faet that our total cholesterol values, where no saponification 
as employed, are higher than his. 
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TABLE ITI 
VALUES ON NORMAL INDIVIDUALS 


(Expressed in mg. per 100 ec, of serum) 


TOTAL P 


FREE ~ FREE TOTAL FREE % FREE 

CHOLES CHOLESTEROL CHOLESTEROL CHOLESTEROL CHOLESTEROL CHOLESTEROL 
TEROL j 

215 55 265 278 79 28 

2937 DS 25 257 71 28 

273 64 2h IS5 tS 26 

188 52 28 154 1] 27 

174 th 25 162 a 25 

1833 14 24 174 IS 28 

246 56 23 240 57 24 

213 53 24 202 D4 26 

209 46 oo P03 10 94 

222 60 27 218 6) 28 

P59 61 23.5 195 DD 28 

93 tit 28 Normal range Normal range | Normal range 

2PI6 59 26 154-275 $1-71 22-25 

938 DD 23 


Table IV contains the results of the method of extraction presented in this 
paper compared with four other widely used methods. Bloor,’ Kirk, Page, and 
Van Slyke,® Boyd,? and Drekter, Bernhard, and Leopold* were the expert- 
menters whose methods were chosen. In the Bloor technique twenty volumes of 
aleohol-ether solution were refluxed for about five minutes with one volume of 
serum. The refluxing was continued for one hour in the case of Kirk and 
co-workers; extraction and no refluxing at all were permitted in the Boyd 
extraction. The protein precipitate was filtered and washed free of lipids with 
hot aleohol-cther solution in the case of the first two extractions, and with the 
cold reagent in the latter method. The combined filtrates were evaporated to 
dryness, and the residue was dissolved in an amount of benzene equivalent to 
the amount of serum used in the initial extraction (3 ¢e.). One-half eubic 
centimeter aliquots were pipetted into centrifuge tubes for the digitonin pro- 
cedure, and 0.2 ¢.c. aliquots were used for the determination of total cholesterol. 
The benzene was evaporated in an oven at 60° ©., and the determinations were 
continued as deseribed in the regular procedure. 


TABLE IV 


FREE AND TOTAL CHOLESTEROL By VARIOUS METHODS OF EXTRACTION 
(Pooled serum was used) 








KIRK, PAGE, DREKTER 
AUTHOR’S AND PROYD AND BLOOR 
VAN SLYKE BERNHARD 
CHOLESTEROL CHOLESTEROL CHOLESTEROL CHOLESTEROL CHOLESTEROL 
TOTAL FREE rOTAL | FREE | TOTAL FREE TOTAL | FREE TOTAI FREE 
mg. % mg. %o| % \mg.%\mg.%| Y |mg.%|mg.%| % |mg.%\me.%| % \me.%\me.G | % 
237 | 58 25 | 242 55 | 23 | 228] 59 26 | 224 52 | 23 
224 50 22 |} 215 | 55 26 
350 | 66 19 | 288 62 /21.5) 253 | 67 | 26.5) 300 | 63 | 21) 288 | 61 | 21 
302 | 77 | 25.5] 308 64 | 21 310 | 69 22 | 296 62 | 21] 305 | 64 21 
273 64 23 | 257 64 25 256 66 96 | 253 64 25 262 62 24 
254 5S 23 259 01 23.5 | 


In the dry extraction of Drekter, Bernhard, and Leopold, 3 e.e. of serun 
were added to fat-free filter paper, which was then dried at room temperature 





Bitar tint 3 co oitow tea 
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The cholesterol was extracted by the vapors and condensate of a 3 per cent 
pyridine solution in 95 per cent alcohol. The apparatus used was a simplified 
Soxhlet extraction apparatus. A large test tube, with a constriction that sup- 
ported the filter paper curled into a tightly-paeked ball, was loosely stoppered 
with a mushroom water condenser. About 8 ¢.c. of the solvent were added, the 
mushroom condenser was set in place, and the tube was placed in a boiling water 
hath for one hour. At the end of this time the water in the condenser was 
turned off, and the solvent was permitted to evaporate slowly. The last drop 
of solvent was removed under vacuum. The residue was dissolved in benzene, 
and the determination continued as deseribed for the other extraction methods. 

The results of Table LV and of other unpublished work indicate that oeea- 
sionally my method of extraction gives higher values for total cholesterol, but 
the ratio of free cholesterol to total cholesterol is about the same. These lower 
values may be due to the fact that the other extraction methods are not as com- 
plete as the one deseribed. The somewhat low free cholesterol percentages ob- 
served may be due to the action of cholesterol esterase on the pooled serum 


whieh had been standing for some time. 
SUMMARY 


Simple and accurate methods for the determination of free cholesterol and 
total cholesterol in blood serum have been deseribed. 


Iam indebted to Dr. Albert E. Sobel for his invaluable assistance in the presentation of 
this investigation. 
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URINE BROMIDES* 


A New Qvuanitative TEst 


Doucias McG. Keuiey, M.D., New Yor, N. Y. 


HE fact that bromides may cause intoxieations with psychotic symptoms 

has been known for many years, but not until the methods of determination 
of blood bromide by Ulrich in 1910, Walters in 1912, Hauptman in 1925, and 
Wuth in 1927, did clinicians realize the importance of this type of mental ab- 
beration. Following these investigators, numerous other workers have attacked 
the problem of bromide intoxications, and while most complete clinical studies 
have been carried out, it is still the consensus of opinion’ that a definite diag- 
nosis of bromide intoxication can be made only by the identification of bromide 
in the urine or blood. Wile* further pointed out that the urine in some eases 
may be free of bromide when the blood bromide is high; henee the blood should 
always be examined. Such cases are rare, however, and for practical clinieal 
purposes, it may usually be assumed that the possibility of a bromide intoxica- 
tion may be eliminated by demonstrating the absence of bromide in the urine. 
This is fortunate, for while Hauptman and Wuth both described methods for 
blood bromide determination, the average clinician seldom has the facilities even 
if he has the time to make these studies. For this reason, a simple method of 
qualitatively determining bromide in urine is of considerable practical use, pro- 
vided one always remembers that certain cases of kidney disease, fluid retention, 
or chloride deficiencies may show an elevated blood bromide, although but small 
amounts of bromide are excreted in the urine. 

One of the earliest and most widely used methods of determining urine 
bromide was deseribed in 1927 by Wuth’ as follows: 

“To 25 «ec. of urine about 1 Gm. of animal charcoal is added, mixed 
well, allowed to stand a few minutes and then filtered. To exactly 5 ¢.e. of 
filtrate measured into a test tube, 1 ¢.c. of 20 per eent trichloracetic acid 
and 1 ec. of 0.5 per cent gold chloride solution is added; a brown shade 
indicates the presence of bromides. ’’ 

This method is accurate and fairly easy, but the reagents used are seldom 
found in the average laboratory and, moreover, are very expensive. 

In the same volume of the Journal of the American Medical Association, 
is also found an article by Belote,® wherein he describes a simple qualitative 
test for urinary bromides. 

‘‘Small strips of filter paper are soaked in a saturated solution of 
fluorescein in 60 per cent acetic acid. These are then allowed to dry and 
*From the Department of Psychiatry of the New York State Psychiatric Institute and 


Hospital, New York. 
Received for publication, September 26, 1939. 
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may be kept indefinitely as indicators of the test. The suspected body 
fluid is placed in a test tube. To this are added a few erystals of potassium 
permanganate. After agitation, a few drops of concentrated sulphurie acid 
are added and the fluorescein paper is held, after moistening with two per 
cent acetic acid, at the mouth of the test tube. The presence of even minute 
amounts of bromine is at once indieated by a rapid change in color from 
the original vellow to a bright pink on the paper.”’ 


This method, while easy and rapid, is somewhat too sensitive, as it will show 
bromides in a concentration of 1:40,000, and is, therefore, not practical for clin- 
ical determinations in suspected cases of bromide intoxication. 

Perhaps the simplest method has been deseribed by Todd and Sanford® as 
follows: 

‘*Bromides can be deteeted by acidifying about 10 ¢.¢. of the urine with 
dilute sulphurie acid, adding a few drops of fuming nitric acid and a few 
ee. of chloroform and shaking. In the presence of bromine, the chloroform, 
which settles to the bottom, assumes a yellow color.”’ 


This test is especially useful because of the universal availability of the 
reagents required, and because it is so easy to perform. Unfortunately, how- 
ever, it is not accurate except with rather large concentrations of bromide. 
As it is deseribed it is of little practical use for clinieal purposes. 

The need for a simple, easily performed test, however, was met by my 
modification of this method as follows: 


To 10 ¢.¢. of urine add 0.1 ¢.e. dilute sulfurie acid, 2 ¢.¢. of fuming nitric 
acid, and 5 e.e. of ehloroform. Shake the mixture thoroughly. Thus far 
this is essentially the foregoing method. At this point, if there is a relatively 
high bromide coneentration—over 250 to 300 me. per hundred cubie eenti- 
meters—-the chloroform settling to the bottom will give a vellow to orange 
red color, beeause the bromide is oxidized by the acids to form free bromine 
which is then taken up by the chloroform. If iodides are present, they 
impart to the chloroform a purple to violet red hue. It was found, however, 
that if after thoroughly agitating the mixture described, 1 ¢.¢. of chlorox 
(5.25 per eent sodium hypochlorite) was added, amounts of bromine as 
small as 75 mg. per hundred eubie centimeters could accurately be detected. 
Such minute amounts give the chloroform a greenish-yellow tinge. Chlorox 
alone when mixed with the aforementioned acids and chloroform in plain 
water, or urine in the absence of bromide, colors the chloroform a faint 
green; this color ean be easily distinguished from the green yellow color 
produced by bromide concentrations of 50 mg. to 75 mg. per hundred eubie 
centimeters or higher. In order to determine the coloring formed by the 
chlorox alone, it is probably best to set up a trial run of the various reagents 
in bromide-free urine or water, so that the observer will become familiar 
with the shades of color produced. Larger amounts of bromide in the 
urine produce a change in colors from green yellow to yellow to yellow 


orange to orange to orange red to red. 


The rationale of this procedure is easy to understand if one reealls that 
ve chlorine, as is present in the nascent state in chlorox, owing to its higher 
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position in the atomie table, will replace bromide, in turn liberating free bromine. 
The chlorox, therefore, promotes a more complete liberation of all the bromine, 
which in turn is taken up by the chloroform. A much greater amount of the 
available bromine is set free, and the test is accurate for concentrations as low 
as 50 mg. to 75 me. bromide per hundred eubie centimeters of fluid. This 
method is somewhat similar to the one deseribed in the early German literature 
by Neuberg,S who employed either nitrous acid or chlorine water but never 
combined the two reagents. Ile warned against this method since it was difficult 
to detect the bromine unless large amounts were present. However, this objee- 
tion has been overcome in the present modification of the test, and the test is 
now sufficiently sensitive for clinical qualitative estimates. Quantitative 
estimates can even be made fairly accurately by the evaluation of the various 
color changes. Quantitative urine bromide determinations are, however, of al- 
most no ¢linieal value beeause of the marked individual variability in bromide 
elimination, depending upon the ehloride balance of the body fluids, kidney 
elimination, water balance, and other changeable factors. Qualitative findings 
are sufficient, and if 50 to 100 mg. of bromide per hundred eubie centimeters of 
urine are found (green yellow to yellow color), accurate quantitative blood 
estimates are imperative. 

The presence of iodides is indicated by a purple or red violet color of the 
chloroform following the agitation of the mixture previous to the addition of 
the ehlorox. Beeause echlorox bleaches out this color, it is important to shake 
thoroughly the mixture of urine, sulfurie acid, nitrie acid, and chloroform, 
and then permit it to stand for a few seconds to observe any coloring of the 
chloroform before the chlorox is added. 

This test is especially simple, requiring but a minute for a complete 
determination. <All the reagents, dilute sulfurie acid, concentrated nitrie aeid, 
chloroform, and chlorox are usually available in even the smallest laboratory. 
Furthermore, a test tube and a measuring graduate or pipette are the only 
pieces of apparatus required. 


SUMMARY 


An attempt to review some of the more usual c¢linieal methods of the 
qualitative demonstration of bromide in the urine has been made, and a new 
modifieation of the Todd and Sanford method has been deseribed. 
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BONE MARROW BIOPSIES, Clinico-Hematologic Evaluation of, Morrison, M., and Sam- 
wick, A. A. Am. J. M. Se. 198: 758, 1939. 


A study was made of 275 patients with sternal bone marrow aspiration. 

Jone marrow ratios were utilized in evaluating: (a) leucogenesis; (b) erythrogenesis; 
(ec) erythrogenic maturative defect; (d) infiltration of bone marrow by lymphocytie, 
plasma, reticulum, and malignant cells. 

Bone marrow aspirations proved valuable in the diagnosis of gastric dysfunction and 
gastrointestinal, liver, and renal disease. 

This study revealed a close relationship between the erythroeytie maturative defect 
and color index. 

Criteria for the diagnosis of blood dyserasias, including pernicious anemia, Hodgkin’s 
disease, leucemia, agranulocytosis, infectious mononucleosis, polycythemia vera, infections, 


and malignancies are suggested. 


TUBERCULIN TEST, Its Value and Limitations, Long, E. R. Am. Rev. Tubere. 40: 607, 


1939, 


Recently reported experience has prompted much discussion of the tuberculin test, 
and made desirable a revaluation of the test with indication of its limitations. 

The conditions of human observation make the determination of the specificity and 
adequacy of the tuberculin test more difficult in man than in animals. The experience of 
B.C.G. vaccination, however, has shown that in the overwhelming majority of human beings, 
artificial infection brings about tuberculin sensitivity, just as it does in laboratory guinea 
pigs. Sanatorium and hospital experience also indicates that a still more overwhelming 
majority of patients obviously suffering from pulmonary tuberculosis react positively to 
tubereulin. 

Occasionally persons are encountered, however, in whom evidence of tuberculosis 
exists, but the tuberculin reaction is negative. At present there are only rough indications 
of how frequently this occurs. The few surveys made in which both tuberculin testing 
and x-ray examination have been carried out suggest that in ordinary practice the intra- 
cutaneous test with reliable samples of old tuberculin or purified protein derivative tuber- 
culin will detect 90 to 95 per cent of cases of tuberculosis. 

The loss of 5 to 10 per cent of persons is attributable in large part to the variable 
conditions of tubereulin allergy. In any large survey, particularly of children, a few 
persons are likely to be found in whom infection has occurred, but the reaction has not 
vet become positive. Subsequent films in such cases may show lesions. Subsequent retest 
vith tuberculin yields a positive result, but often the retest is not made, 

A more important reason for the failure of the tuberculin test to detect all tuber- 
culosis is the waning and disappearance of allergy that oceur with healing. In this country 
of dropping tubereulosis morbidity and increasing isolation of patients with open tuber- 
‘ulosis, this is probably a phenomenon of increasing tendency. It is apparently true that 
inless allergy is stimulated from time to time by reinfection, in cases of progressive heal- 
ng of an existing infection, the intensity of response will diminish. 


SULFANILAMIDE, Anemia Induced in Rats by, Machella, T. E., and Higgins, G. M. 
Am. J. M. Se. 198: 804, 1939. 


Anemia can be induced in rats by the administration of sulfanilamide. 
The degree of anemia depends on the dose used and the duration of administration. 
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The anemia is accompanied by evidences of stimulation of bone marrow, that is, 
reticuloeytosis, macrocytosis, anisocytosis, and leucocytosis. 

No change in level of platelets has been detected. 

Complete recovery from the anemia is possible following cessation of administration 
of the drug. 

A second course of sulfanilamide will reproduce the anemia. 

The drug is capable of producing toxic symptoms in rats, the symptoms depending on 
the dose employed. Symptoms include cyanosis, loss of weight, thirst, gastrie distention, 
drowsiness, irritability, and convulsions. 

The anemia, when induced by moderately toxic doses, is associated with a significant 


hepatomegaly and splenomegaly. 


TUBERCULOSIS, Sulfanilamide in, Corper, H. J., Cohn, M. L., and Bower, C. Am. Rev. 
Tubere. 40: 452, 1939. 


Large administrations of sulfanilamide over long periods of time, parenterally as well 
as enterally, begun before or coincident with infection of guinea pigs with virulent human 
tubercle bacilli, have an apparent, though not real, effect upon the organie tuberculous in 
volvement of these animals which is most strikingly evident in the spleen. These findings 
explain the earlier, cautiously presented studies on enteral treatment by Rich and Follis, 
and subsequently by Greey and colleagues, which could not be verified by parenteral sulfa 
nilamide treatment studies. 

The apparent effect noted upon the tuberculosis in the guinea pig is explained as an 
organic toxie effect of the sulfanilamide, since it can also be noted when heat-killed and 
avirulent human tubercle bacilli are given intravenously in large amounts to animals which 
are treated as compared with untreated controls. 

Even in large doses, sulfanilamide has no appreciable effeet upon the spread of tuber 
culosis in guinea pigs infected by various routes and in various ways with virulent human 
tubercle bacilli; such effect as is seen can be entirely explained on the basis of the toxic 
effect of the sulfanilamide and not upon a retardation of the tuberculosis. 

In elaboration of the view expressed by Shecket and Price (1939) that ‘‘the use of 
sulfanilamide in conditions in which its value is not established should be reserved for 


? 


eases under institutional direction’’ and that the drug should not be used for long duration 
administration, the authors add that misinterpretation of the effect in chronie diseases 
especially should be avoided by carefully controlled experimental studies considering the 


organic toxic action of the drug before application to human treatment. 


BURN SHOCK, Study of, Trusler, H. M., Egbert, H. L., and Williams, H. S. J. A. M. A. 
113: 2207, 1939. 


The tannie acid theory of the treatment of burns is fallacious. There is no loeal ap- 
plication that can be expected to save life after a large burn. 

The first cause of death due to the extensive burn is shock. There are two phases in 
the burn shock reaction. 

(a) The traumatie phase: Circulatory shock due to vascular stasis and the loss oft 
blood plasma, which escapes into the tissue through capillaries injured by heat. Very 
large burns may be rapidly fatal by this mechanism. 

(b) The inflammatory phase: A complex syndrome in which the loss of fluid is ae 
companied by the other morbid processes of diffuse thermal inflammation. This accounts 
for the toxie manifestations. 

The blood chemical changes of the shock state depend largely on the manner in which 
fluids are administered. The indiscriminate forcing of simple fluids into a burned patient 
is futile and may lead to profound disturbances in the physical-chemical relations of the 
blood. 


The persistent forcing of water by mouth under these conditions may cause a fatal 


water intoxication. 
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The suecessful treatment of burn shock calls for a complex therapeutic regimen. 
Blood transfusions should be given early and repeated frequently throughout the self- 
limited period of the reaction. Other fluids should be given in moderate quantities. Large 


amounts of dextrose are indicated. 


HEMOCONCENTRATION, Occurrence and Clinical Significance of, Moon, V. H. Ann. 
Int. Med. 18: 451, 1939. 


Reported observations on hemoconcentration indicate that this phenomenon occurs 
rather frequently in grave conditions of disease quite diverse in origin. Undoubtedly this 
survey is far from complete, but the number of instances found is sufticiently large and 
diversified to justify a summary of the author’s observations and interpretations. 

It appears that hemoconcentration is regularly associated with a type of circulatory 
deficieney in which loss of plasma volume is the essential feature. 

The loss of fluid may result either from endothelial damage which allows for leakage 
of plasma into the tissue spaces, or from dehydration incident to vomiting, diarrhea, and 
perspiration. This loss may be compensated in part by absorption of fluid from the tissues 
and in part by constriction of the vascular walls, especially the heart, arteries, and spleen 
and, to a lesser degree, by constriction of the veins and capillaries. 

So long as the mechanism of compensation is effective, no marked deficiency is evi- 
dent. When compensation becomes inadequate, the blood pressure declines progressively, 
anoxia develops, and the syndrome of shock is manifested. 

So long as the vascular endothelium is able to perform its part in the maintenance 
of fluid balance, there is dehydration of the tissues but not of the blood. In advanced 
stages of shock the vascular system is able neither to absorb nor to retain fluid. It appears 
that the critical point in this mechanism is the physiologic state of the vascular endothelium. 

This type of circulatory deficiency may develop whenever and however the capillaries 
in an extensive visceral area are rendered atonic. 

A rising curve of concentration is as ominous as a falling curve of arterial pressure. 
But the former occurs early and indicates the developmental stage of circulatory deficiency 
while the latter indicates the failure of compensation and the imminence of death. 

Circulatory failure in its incipient stage may be recognized by the presence of hemo- 
coneentration. This feature is of inestimable practical value, for treatment must be ap- 


plied early to be effective. 


BLOOD, Preservation of Stored, With Sulfanilamide, Novak, M. .J. A. M. A. 113: 2227, 
1939. 


Contamination of stored blood with bacteria has not been considered seriously enough 

in the past. 

Many unexplained transfusion reactions may be due to pyrogens or other bacterial by- 
roduets in contaminated blood. 

Complete bacteriostasis of the usual bacterial contaminants in stored blood is made 
issible by the addition of 20 mg. per hundred cubie centimeters of sulfanilamide. Such 
lood will not only not support bacterial growth for ten to fifteen days but may actually 
ecome sterile in that time. 

Sulfanilamide may prove valuable as a preservative in other biologie substances. 


5LOOD BANK, Plasma Prothrombin Content of, Lord, J. W., and Pastore, J. B. J. A. M. 
A. 113: 2231, 1939. 


On the basis of the method of Warner, Brinkhous, and Smith, bank blood is an ade- 
quate source of plasma prothrombin for about nine days. At longer intervals of storage 
the plasma prothrombin declines gradually, reaching the level of 61 per cent of normal 
l. the end of the third week of storage. 

Carefully controlled refrigeration of bank blood is an important factor in the preser- 

ion of plasma prothrombin. 
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BOTULISM, Demonstration of Toxin in Blood and Tissues, Schneider, H. J., and Fisk, R. 
J. A. M. A. 118: 2299, 1939. 


Five outbreaks of botulism, with three fatal and three nonfatal cases, occurred within a 
period of ten months in Los Angeles County. 

Circulating toxin was demonstrated in the blood of one patient by animal injection 
and its specificity (type A) determined by toxin-antitoxin experiments. Circulating toxin 
could not be demonstrated in three nonfatal cases. 

Toxin was demonstrated in saline liver extracts in all the fatal eases. 

The demonstration of circulating or tissue toxin as herein described should aid in the 
diagnosis of botulism. The authors believe that such attempts are indicated in all sus 
pected cases of botulism. 

The procedures used follow: 

In investigating the possibility of active toxin in the organs of the deceased person 
twenty hours after necropsy and twenty-six hours after death, 50 Gm. of liver was triturated 
and extracted with 50 ¢.c. of physiologic solution of sodium chloride; 1 ¢.c. of this extract 
was injected intraperitoneally into each of two guinea pigs, one protected with 0.5 ¢.c. of 
mixed antitoxin (A and B). After thirty-six hours the unprotected guinea pig developed 
experimental botulism and died forty-two hours after injection. The protected guinea pig 
appeared normal at this time but died suddenly a few hours later without the development 
of any signs of botulism. Graded doses of this extract, when injected into mice several 
days later, gave conflicting results, the evidence being suggestive but not conclusive. 

Blood collected at the time of admission to the hospital prior to antitoxin adminis 
tration was tested for the presence of botulinus toxin in the following manner: Ten mice, 
5 of which had been previously injected (fifteen minutes) with botulinus antitoxin (A and 
B) were injected intraperitoneally with 0.5 e.c. of the citrated blood. At the end ot 
thirty-six hours one unprotected mouse died and the remaining 4 showed symptoms of 
experimental botulism, viz., shallow breathing, muscular spasms, especially of the abdomi 
nal muscles, and later paralysis of the hind limbs and prostration. Three mice died in 
forty-eight hours, and one sixty hours after injection. All the protected mice survived 


without symptoms. 


BLOOD UREA, Experimental Variation of, Drevermann, E. B. M. J. Australia II: 74s, 
1939. 


The blood urea at any particular time is dependent on the previous diet, the fluids 
taken, and the condition of work or rest under which the blood is taken. 

The rise in blood urea following a gastrointestinal hemorrhage results in part from 
the formation of urea from blood proteins which are digested in the intestine. The dimin 


ished excretion of urea from compensatory retention of fluid also contributes to this effect. 


HEPATITIS, Toxic, Kirshbaum, J. D., and Popper, H. Arch. Int. Med. 65: 465, 1940. 


Fifteen cases of acute hepatitis are described. The fulminating fatal form appears 
to be an intermediary stage between catarrhal jaundice and acute yellow atrophy of the 
liver. The liver in each case was enlarged and characterized morphologically chiefly |) 
damage to the epithelial cells and serous hepatitis, with dissociation of the liver cells. 
The elinieal diagnosis was usually considered as primary hepatitis. 

The dissociation of the cords of liver cells may be the result of severe serous hepatitis 
consequent to damage of the blood eapillaries of the liver. 

Icterus in parenchymatous jaundice is due to the combination of localized necrosis 
of the liver cells, or destruction of the cords, and general impairment of the function « 
the liver cells (serous hepatitis). 


The enlargement of the liver in the authors’ cases and in cases of catarrhal jaundi 


is due to toxie edema. 
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LIVER, Colloidal Gold Reaction of Blood Serum in Diseases of the, Gray, S. J. Arch. 
Int. Med. 65: 524, 1940. 


The colloidal gold reaetion of the blood serum was studied in a series of 96 cases 
of hepatie disease, grouped as follows: 46 cases of cirrhosis, 14 cases of acute parenchy- 


or 


matous disease, 25 cases of neoplastic involvement, and 11 eases of miscellaneous hepatic 


disease. The diagnoses were confirmed by autopsy, biopsy, or laparotomy in 34 cases; 11 in 
the first group, 2 in the second, 13 in the third, and 8 in the fourth. The reaction was 
positive in each of 46 cases of cirrhosis, in 13 of 14 eases of acute parenchymatous in- 
volvement, in 19 of 25 cases of neoplasm, and in each of 11 cases of miscellaneous hepatic 
disease. In the entire series, the reaction was positive in 89 of the 96 cases, or in 92.7 
per cent. 

In several instances the colloidal gold reaction detected liver disease later confirmed 
hy operation or autopsy, which had not been deteeted by the usual clinical and chemical 


tests. 


The colloidal gold reaction was negative with sera from 20 normal adults and in 
73 of 75 persons with various extrahepatie diseases; normal livers were found in 22 of 
these persons at autopsy, biopsy, or laparotomy. 

Positive reactions were obtained in 8 of 20 cases of syphilis. In one of the 8 there was 
a history of hepatitis, but in the others there was no demonstrable hepatie disease. The 
possibility of latent damage to the liver following arsenical therapy and the question of 
false positive reactions in syphilis are discussed. It is pointed out that the colloidal gold 
reaction of the spinal fluid and that of the blood serum may be the same or may differ 
greatly, depending on the effects of disease processes on the permeability of the blood- 
brain barrier. 

The Takata-Ara reaction was positive in only 34 of 58 eases of hepatie disease 
(58.6 per cent); it was thus considerably less sensitive than the colloidal gold reaction. 

The total plasma cholesterol was normal in 38 of the 77 cases of hepatic disease 
studied. 

However, decreased values for plasma cholesterol esters were frequently associated 
with extensive parenchymal damage and were present in 47 of 71 cases of hepatic dis- 
ease (66.2 per cent). The decrease paralleled the severity of the hepatie injury and was of 
prognostic significance; 6 patients whose cholesterol esters were too low to determine died 
within two months. 

Changes in the cholesterol-cholesterol ester ratio paralleled the shifts in the plasma 
proteins in all types of liver disease except the acute parenchymatous diseases, in which 
lowered cholesterol esters were more frequent than altered plasma protein values. 

Variations in the plasma proteins were frequent in hepatie disease; globulin was 
increased in 43 eases, and albumin was decreased in 45 of the 75 cases studied. The in- 
‘rease in globulin was usually greater than the decrease in albumin, so that the total 
proteins were normal in 60 of the 75 cases. 

The most marked albumin-globulin shifts occurred in cirrhosis of the liver and were 
ssociated with advanced hepatie destruction; the least marked variations were found in 
e acute parenchymatous hepatic diseases. The changes in coneentration of the plasma 
roteins were related more closely to the severity and duration of the hepatie disease than 
' the state of nutrition or to the loss of protein associated with ascites. 

The colloidal gold reaction does not depend primarily on a quantitative increase of 
obulin or on a low or inverted albumin-globulin ratio. Positive reactions were obtained 

29 cases of hepatic disease with normal plasma globulin values and in 21 eases with 
mal albumin-globulin ratios. The mechanism of the reaction is unknown. It is sug- 
ested that it may depend on a qualitative rather than on a quantitative variation in the 
lasma globulin, and that the euglobulin may be an important factor in the reaction. 
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Books and Monographs for Review should be sent direct to the Editor, 
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Physiological Basis of Medical Practice* 


N THEIR preface the authors remark that, although physiology is a science in its own 
right and the laboratory worker who pursues his researches quite detached from medical 
problems need offer no apology for his academie outlook, the teacher of physiology should, 
nevertheless, emphasize those aspects of the subject which will throw light on disorders 
of function. Their textbook, therefore, becomes a volume on applied physiology rather 
than pure physiology. Obviously, this is a very praiseworthy approach as long as the funda- 
mental knowledge of pure or normal physiology is adequately covered at the same time. 

As one looks over the first few chapters on blood and lymph, with their discussion 
of blood chemistry, erythropoietic diseases, hemocytometry, edema, transfusion, blood 
grouping, hemolysis, the chemistry of hemoglobin, and the classification of the anemias, one 
wonders whether this will turn out to be a volume on physiology, biochemistry, clinical 
pathology, or diagnosis. As soon as one reaches the sections on circulation and respira 
tion, one realizes how adequately the field of physiology is covered and welcomes the con- 
tinued interjection of remarks on the application of physiology to the study or treatment 
of specific disturbances thereof. 

A volume which has gone through five printings and now appears as a new edition 
in its sixth printing since 1937 must already have established its own popularity. While 
this is undoubtedly due in large measure to its popularity as an undergraduate text, the 
fact that through its pages one may find information which can be applied in the study 
and intelligent treatment of disease, makes it equally valuable as a reference volume for 
the practicing physician. 

In this second edition a new section, The Physiology of the Special Senses, has been 


added. 





Lee on the Levee? 


N THIS era of science and acute technocracy, only too often is the machine glorified at 

the expense of the man. It was not that Stradivari had better tools; the superiority 
was in the man. All who are professionally interested in the expert laboratory work 
universally done in medicine today with the superb equipment available, should pause to 
note that Dr. William Beaumont did his classie experiments on the stomach of the 
wounded Alexis St. Martin ‘‘with no more equipment than a thermometer, a few open 
mouth vials, and a sand bath.’’ 

A graphie dramatization of the Alexis St. Martin shooting accident at Mackina 
Island in 1822, and a most sympathetic characterization of Dr. Beaumont is ineluded in 
the new historical novel Lee on the Levee. The story covers the friendship that existed 
between Dr. Beaumont and Robert E. Lee, resulting from the residence of their two fam 
ilies together in the Governor William Clark mansion on the St. Louis waterfront in 1838 
while Lieutenant Lee was doing his invaluable engineering work on the Mississippi. The 
story is in effect an opportunity to visit with Lee and Beaumont as actual living mer 
going about their daily tasks and talking about their past achievements and future hopes 
and ambitions. 

*The Physiological Basis of Medical Practice. A University of Toronto Text in Applied 
Physiology. 3y Charles Herbert Best, M.A., M.D., D.Se. (London) F.R.S., F.R.C.P. (Canada) 
and Norman Burke Taylor, M.D., F.R.S. (Canada), F.R.C.S. (Edin.), F.R.C.P. (Canada) 


M.R.C.S. (England), L.R.C.P. (London), Professor of Physiology, University of Toronto. Cloth 
ed. 2, 1872 pages, 497 illustrations, $10.00. Williams & Wilkins Co., Baltimore, Md., 1939. 
tLee on the Levee. By Ralph Cannon, Cloth, 188 pages, $2.50. The Saravan Hous¢ 
New York, N. Y. 
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The novel is authentically based on a packet of unpublished letters from the Lees 
to the Beaumonts over a period of fifteen years following their year of residenee under 
the same roof. These letters were recently discovered by Dr. Arno B. Luckhardt, of the 


University of Chicago, who obtained them from the Beaumont heirs for a museum display. 





Demonstration of Physical Signs in Clinical Surgery* 


HE importance of such a book as this is suecinetly stated in inference in the following 

quotation by Lockwood: ‘‘If it is a question of doubt in diagnosis, you may often observe 
that one man solves the doubt when the others could not, and the way in which one man 
happened to solve it is this: he applied to the diagnosis of the case some method of ex- 
amination which the others had not applied.’’ 

While the many procedures and devices now applicable to the study and diagnosis of 
disease have much to commend them in the last analysis, they should never be allowed to 
take the place of a thorough examination of the patient. This is the text and purpose of 
Dr. Bailey’s book—to emphasize this necessity and to demonstrate by a clearly written 
text and numerous well-chosen and excellently reproduced illustrations how to demon- 
strate the physical signs of disease. That he has achieved his purpose is evidenced by the 
fact that the book is now in its seventh edition. 

This book should be owned, read, and reread by every physician. It is well worth 


many times its cost. 





Experimental Pharmacology and Materia Medica} 
A COMPREHENSIVE students’ laboratory manual in experimental pharmacology, most 


abundantly illustrated and with fifty-five exceptionally good color plates. The color 
plates illustrating the various plants from which drugs are derived are the kind one would 
like to frame and hang on the wall. 

The completeness of the volume is illustrated by the presence of chapters on shop 
work and laboratory photography. The section on Materia Medica and_ prescription 
writing will be of use to graduate physicians. It includes such subjects as posology, 
incompatibilities, Latin pronunciation, Latin inscriptions, prescription writing, solubilities 
of common substances, Latin-English and English-Latin vocabularies, and a list of commercial 


houses from whom various supplies and equipment may be procured. 


Standard Methods 


|" MEDIATELY upon its appearance the first edition of this book became a standard 

reference text par excellence for the laboratory and the laboratory worker.  Indis- 

pensable for the public health laboratory, it is also of great value and utility to the smaller 
oratory. 

The present edition embodies some changes in technique and new methods and, as be- 

re, may be regarded as comprehensive and authoritative. This book can be highly 


ommended without qualification as a sine qua non for the laboratory. 

*Demonstration of Physical Signs in Clinical Surgery. By Hamilton Bailey, F.R.C.S. 
(lung.), Surgeon, Royal Northern Hospital, London; Surgeon and Urologist, Essex County 
Council; Surgeon, Italian Hospital; Consulting Surgeon, Clockton Hospital and the County 
llospital, Chatham: External Examiner in Surgery, University of Bristol. Cloth, ed. 7, 310 
poses, 377 illustrations, many in color, $6.50. Williams & Wilkins Co., Baltimore, Md. 

Experimental Pharmacology and Materia Medica. By Dennis E. Jackson, Ph.D., M.D., 
Fr LC.A., Cincinnati, Ohio. Professor of Pharmacology, Materia Medica, and Therapeutics in 
ti University of Cincinnati College of Medicine; Formerly Associate Professor of Pharmacology, 
\ ishington University Medical School, St. Louis. Cloth, ed. 2, 906 pages, with 892 illustrations, 
in-luding 55 color plates, The C. V. Mosby Company, St. Louis, Mo., 1939. 

tStandard Methods of the Division of Laboratories and Research of the New York State 
[» partment of Health. By Augustus B. Wadsworth, M.D. Cloth, ed. 2, 681 pages, 20 figures, 
plates, $7.50. Williams & Wilkins Co., Baltimore, Md. 
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Whitla’s Dictionary of Treatment* 


IR WILLIAM WHITLA, renowned as a physician and teacher throughout the scientific 
world as well as in his native Britain, practiced in Belfast between the vears 1877 and 
1920. He died in 1933. 

Of the three medical books that he wrote, the Dictionary of Treatment is outstanding, 
and throughout seven previous editions it has maintained individual recognition among 
the most modern and authoritative references for the general practitioner. 

The eighth edition, following the author’s death, was written, like its predecessors, 
by members of the Belfast School. Acknowledgment is given for the aid of Dr. H. 
Gardiner-Hill and Mr. B. W. Williams, physician and surgeon, respectively, to St. Thomas’s 
Hospital, London. 

The eighth edition contains over 1,200 pages of text. It treats surgical and med- 
ical conditions from the point of view of the general practitioner. The subject matter 
is conveniently arranged throughout in alphabetical order, and each topic is introduced 
with a subjective and objective symptom and sign description. General and specifie treat 
ment is given, with opinions from the better recognized schools of thought. Specific 
medication and prescriptions are abundant. 

This is indeed an excellent book for brief, comprehensive, and satisfactory reference. 


Argyria? 


phage has been in use in medicine since the eighth century and argyria is a condition 
long known; it is also one concerning the mechanism of which there is great un 
certainty and of which there has been hitherto to this reviewer’s knowledge no systematic 
study or review. 

In this book all that is known of argyria has been comprehensively reviewed. Di 
agnosis, treatment, prophylaxis are all discussed, as well as argyria as an industrial hazard. 
An extensive bibliography and list of proprietary silver compounds, together with author 
and general indices, is appended. 

In view of the increasing use of therapeutic silver compounds with the inevitable 
possibility that argyria may increase as a result, this is a valuable, interesting, and in 


structive contribution to the subject. 


Disorders of the Blood? 


HE literally enormous literature concerned with hematology is prima facie evidence of 
the fact that there is no condition which may not be reflected by some change in the blood 
picture, and emphasizes the importance of blood studies in clinical medicine. 

Doctors Whitby and Britton present in this book a comprehensive digest of the 
pertinent literature. That they have done so satisfactorily is shown by the fact that thei! 
book is now in its third edition. 

The present edition has been thoroughly revised and increased by new pages and new 
illustrations. 

As before, this is a thoroughly practical text, well deserving a place in the physician’s 
reference library. 

*Whitla’s Dictionary of Treatment including Medical and Surgical Therapeutics. By 
R. S. Allison, M.D., M.R.C.P. (London) ; and C. A. Calvert, M.B., B.Ch., F.R.C.S.I. Cloth, ed. & 
1,285 pages, $9.00. William Wood & Co., Baltimore, Md. 

+Argyria. The Pharmacology of Silver. By William R. Hill, M.D., Instructor in Derma 
tology and Syphilology, University of Pennsylvania; and Donald M. Pillsbury, M.D., Associat 
Professor of Dermatology and Syphilology, University of Pennsylvania. Cloth, 172 pages 
$2.50. Williams & Wilkins Co., Baltimore, Md. 

tDisorders of the Blood, Diagnosis, Pathology, Treatment and Technique. By Lionel H 
Whitby, M.D., F.R.C.P., D.P.H.; and C, J. Britton, M.D., D.P.H., Bland-Sutton Institute of 
Pathology, London. Washable fabric, ed. 3, 603 pages, 61 text figures, 12 plates, 8 in color 
$7.50. BP. Blakiston’s Son & Co., Philadelphia, Pa. 











